(19) 




Europfilsches Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



EP1 416 219 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

06.05.2004 Bulletin 2004/19 

(21) Application number: 02755890.7 

(22) Date of filing: 08.08.2002 



(51) int CI7: F21S2/00, F21V 29/00, 
H01 L 33/00 
//F21Y1 01:02 

(86) International application number: 
PCT/JP2Q02/008151 

(87) International publication number: 

WO 2003/01 6782 (27.02.2003 Gazette 2003/09) 



(84) 


Designated Contracting States: 


• YANO,Tadashl 




AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


Seika-cho, Soraku-gun, Kyoto 619-0238 (JP) 




IE IT LI LU MCNLPTSESKTR 


• SETOMOTO, Tatsuml 




Designated Extension States: 


Takatsuki-shi, Osaka 569-1044 (JP) 




AL LT LV MK RO SI 


• MATSUI, Nobuyukl 






Takatsuki-shi, Osaka 569-0822 (JP) 


(30) 


Priority: 09.08.2001 JP 2001242857 


• TAMURA, Tetsushi 


Takatsukl-shl, Osaka 569-1143 (JP) 


(71) 


Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 




CO., LTD. 


(74) Representative: GrUnecker, Klnkeldey, 




Kadoma-shi, Osaka 571-8501 (JP) 


Stockmair & SchwanhSusser Anwaltssozietat 






Maxim II ianstrasse 58 


(72) 


Inventors: 


80538 Milnchen (DE) 


• 


SHIMIZU, Masanori 






Kyotanabe-shi, Kyoto 610-0311 (JP) 





< 

CO 

Q. 

LU 



(54) LED ILLUMINATOR AND CARD TYPE LED ILLUMINATING LIGHT SOURCE 



(57) An LED illumination apparatus according to the 
present invention includes at least one connector and a 
lighting drive circuit. The connector is connected to an 
insertable and removable card-type LED illumination 
source, which includes multiple LEDs that have been 
mounted on one surface of a substrate. The lighting 
drive circuit is electrically connected to the card-type 
LED illumination source by way of the connector. The 



card-type LED illumination source preferably includes a 
metal base substrate and the multiple LEDs that have 
been mounted on one surface of the metal base sub- 
strate. The back surface of the metal base substrate, 
including no LEDs thereon, thermally contacts with a 
portion of the illumination apparatus. A feeder terminal 
to be electrically connected to the connector is provided 
on the surface of the metal base substrate on which the 
LEDs are provided. 



FIG.3(a) 



FIG.3(b) 




Printed by Jouve, 75001 PARIS (FR) 



1 

Description 

TECHNICAL FIELD 

[0001] The present invention relates to an LED (Light 
Emitting Diode) illumination apparatus and a card-type 
LED illumination source. More specifically, the present 
invention relates to an LED illumination apparatus that 
uses a card-type LED illumination source on which mul- 
tiple LEDs are mounted, and also relates to such a card- 
type LED illumination source that can be used effective- 
ly in that LED illumination apparatus. 

BACKGROUND ART 

[0002] Incandescent lamps, fluorescent lamps, high- 
pressure discharge lamps and other types of lamps 
have been used as luminaires or light sources for bill- 
boards. Recently, an LED illumination source has been 
researched and developed as a new type of illumination 
source that could potentially replace these conventional 
light sources. An LED illumination source has a longer 
life than any of those conventional light sources, which 
is one of its advantageous features, and is widely ex- 
pected to be a next-generation illumination source. To 
obtain a luminous flux comparable to that of an incan- 
descent lamp or a fluorescent lamp, however, the LED 
illumination source needs to be an array of multiple LED 
elements because a single LED element has just a small 
luminous flux. 

[0003] Hereinafter, conventional LED illumination 
sources will be described with reference to the accom- 
panying drawings. 

[0004] FIGS. 1(a) and 1(b) illustrate configurations of 
two conventional LED illumination sources. FIGS. 2(a) 
and 2(b) illustrate cross-sectional structures of LEDs in- 
cluded in the two types of LED illumination sources. 
[0005] Each of these LED illumination sources in- 
cludes a substrate 21 as shown in FIGS. 1(a) and 1(b). 
On the substrate 21 , a number of LED bare chips 22 are 
mounted. As used herein, the "LED bare chip" refers to 
an LED that is yet to be mounted and yet to be molded 
with a resin, for example. For the sake of clarity, an LED 
that has already been molded so as not to expose its 
light emitting portion but still has not been mounted yet 
will be herein referred to as an "LED element". On the 
substrate 21 shown in FIG. 1(a), a plate 23, including 
multiple holes 23a to transmit the light that has been 
emitted from the LED bare chips 22, is provided. On the 
other hand, on the substrate 21 shown in FIG. 1(b), a 
layered resin 24 that also transmits the light emitted from 
the LED bare chips 22 is provided. That is to say, the 
LED bare chips 22 are covered with the resin 24. 
[0006] In each of these LED illumination sources, the 
LED bare chip 22 is mounted in a bare chip state on the 
substrate 21 as shown in FIGS. 2(a) and 2(b). The LED 
bare chip 22 includes a chip substrate 31 of sapphire, 
SiC, GaAs or GaP, and a light emitting portion that has 



2 

been formed on the chip substrate 31 . The light emitting 
portion is formed by stacking an n-type semiconductor 
layer 32 of GaN, for example, an active layer 33, and a 
p-type semiconductor layer 34 in this order. The elec- 
s trode 32a of the n-type semiconductor layer 32 and the 
electrode 34a of the p-type semiconductor layer 34 are 
electrically connected to conductive lines 21a on the 
substrate 21 by way of Au wires 41 and 42, respectively. 
It should be noted that this configuration of the light emit- 
to ting portion is just an illustrative one. Thus, the LED may 
have a quantum well, a Bragg reflector layer, or a reso- 
nant cavity structure. 

[0007] In the configuration shown in FIGS. 1(a) and 2 
(a), the light that has been emitted from the LED bare 

15 chip 22 is reflected from a reflective plane 23a, which is 
the inner surface of a hole (or opening) 23b of the plate 
23, and then goes out of the element. The hole 23b of 
the plate 23 is filled with the resin 24 so as to mold the 
LED bare chip 22 and the wires 41 and 42 together. On 

20 the other hand, in the configuration shown in FIGS. 1(b) 
and 2(b), the light that has been emitted from the LED 
bare chip 22 goes out of the element through the mold- 
ing resin 24. 

[0008] In the LED bare chip 22, when a forward bias 
25 voltage is applied between the electrodes 32a and 34a 
of the n- and p-type semiconductor layers 32 and 34, 
electrons and holes are injected into these semiconduc- 
tor layers and recombine with each other. As a result of 
this recombination, light is created in, and emitted from, 
30 the active layer 33. In an LED illumination source, the 
light, emitted from multiple LED bare chips 22 that have 
been mounted on the substrate, is utilized as illumina- 
tion. 

[0009] The LED bare chip 22 generates a lot of heat 
35 when emitting the light. The heat generated is supposed 
to be dissipated from the substrate 21 by way of the chip 
substrate 31 . However, to make such an LED illumina- 
tion apparatus a commercially viable product, the fol- 
lowing problems must be solved. 
40 [0010] As described above, the luminous flux of each 
one of the LED bare chips 22 is small. Accordingly, to 
achieve desired brightness, quite a few LED bare chips 
22 need to be arranged on the substrate 21 . To avoid 
an excessive increase in size of the substrate even 
45 when a great numberof LED bare chips 22 are arranged 
thereon, the LED bare chips 22 need to be mounted at 
an increased density. 

[001 1 ] Also, to increase the luminous flux of each LED 
bare chip 22 as much as possible, a current to be sup- 

50 plied to the LED bare chip 22 (e.g., an eddy current of 
about 40 mA with a current density of about 444.4 mA/ 
mm 2 per unit area, for example) needs to be greater 
than a current that is supplied for normal purposes other 
than illumination (e.g., about 20 m A with a current den- 

55 sity of about 222. 2 mA/mm 2 per unit area for a 0.3 mm 
square LED bare chip, for example). However, when 
such a great amount of current is supplied to each LED 
bare chip 22, an increased quantity of heat is generated 
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from the LED bare chip 22. As a result, the temperature 
of the LED bare chip 22 (which will be herein referred to 
as a "bare chip temperature") rises to reach a rather high 
level. Generally speaking, the bare chip temperature 
has significant effects on the life of the LED bare chip. 
More specifically, it is said that when the bare chip tem- 
perature rises by 10 °C, the life of an LED apparatus, 
including the LED bare chip 22, should be halved. 
[0012] An LED is usually believed to have a long life. 
However, it is quite a different story if the LED is used 
for illumination purposes. What is worse, when the bare 
chip temperature rises with the increase in the quantity 
of heat generated, the luminous efficacy of the LED bare 
chip 22 decreases unintentionally. 
[001 3] In view of these considerations, to realize an 
LED illumination apparatus with a huge number of LED 
bare chi ps 22 mounted thereon at a high density, the 
heat dissipation performance should be improved, and 
the bare chip temperature should be decreased, com- 
pared to the conventional ones. The optical efficiency 
also needs to be increased to utilize the light, emitted 
from the LED bare chips 22, as illumination as efficiently 
as possible, or with the waste of the optical energy min- 
imized. 

[001 4] To overcome these problems, various types of 
LED illumination sources with an array of LED bare 
chips thereon have been proposed. However, none of 
those conventional LED illumination sources has ever 
succeeded in coping with ail of those problems satisfac- 
torily. 

[0015] Hereinafter, the problems of the conventional 
LED ill umination sources will be described with refer- 
ence to FIGS. 1(a), 1(b), 2(a) and 2(b). Firstly, if the 
LEDs are kept ON continuously for a long time, the cent- 
er portion of the substrate, having the huge number of 
LEDs integrated thereon, gets more and more heated. 
As a result, the difference in temperature between the 
center and peripheral portions of the LED substrate es- 
calates with time. The configuration shown in FIGS. 1 
(a) and 2(a) is adopted for an LED dot matrix display, 
for example. In an LED display, the plate 23 works in 
such a manner as to increase the contrast between the 
emitting and non-emitting portions of each LED. When 
LEDs are used for a display like this, not all of those 
LEDs are always kept ON at full power. Thus, not so 
serious a heat generation problem should happen in 
such a situation . However, when LEDs are used to make 
an illumination apparatus, all of those LEDs must be 
kept ON for a long time, thus causing a non-negligible 
heat generation problem. 

[0016] In the conventional examples described 
above, the substrate 21 and the plate 23, both made of 
the same resin, are combined together, and have sub- 
stantially the same thermal expansion coefficients. 
However, a resin material normally has a low thermal 
conductivity, and easily stores the heat generated. For 
that reason, such a resin material cannot be used so 
effectively in an illumination apparatus that should al- 



ways be kept ON at the maximum output power. 
[0017] Also, since there is a difference in temperature 
between the center and peripheral portions of the sub- 
strate 21 to be combined with the plate 23, a difference 

s is also created between the thermal expansion coeffi- 
cient of the center portion and that of the peripheral por- 
tion, thus imposing a great stress in the peripheral por- 
tion of the substrate. When LEDs are used in an illumi- 
nation apparatus, a stress is caused by the heat every 

10 time the LEDs are turned ON and OFF repeatedly, which 
eventually leads to disconnection of the electrodes 32a 
or 34a of the LEDs. 

[0018] The substrate itself may include a portion, 
which is as thick as the plate 23 and which is made of 

is a material with a thermal conductivity that is approxi- 
mately equal to the high thermal conductivity of the sub- 
strate material, instead of the plate 23 separately pro- 
vided. Then, that substrate may indude recesses to 
mount LED bare chips thereon. Even so, the heat-dis- 

20 sipating and uniform thermal distributing performance is 
also limited by the thermal conductivity of the substrate 
material. 

[0019] Furthermore, when the above-described con- 
figuration is adopted, the substrate itself needs to be 

25 thick enough and the substrate to mount the LED bare 
chips 22 thereon cannot have a reduced thickness. For 
that reason, even if the substrate material has a high 
thermal conductivity, the heat is still stored easily in the 
substrate. Accordingly, when kept energized or ON for 

30 a long time with a great amount of current supplied as 
in an illumination apparatus, the LED bare chips, mount- 
ed around the center of the substrate, in particular, will 
have noticeably increased temperatures, thus creating 
a big temperature difference between the center and pe- 

35 ripheral portions of the substrate. Consequently, the 
properties of the substrate material with the high thermal 
conductivity cannot be made full use of, and the heat 
dissipation problem is still insoluble. Furthermore, un- 
less the recesses to be provided on the surface of the 

40 substrate have relatively large sizes, a sufficient space 
cannot be allowed to mount the LED bare chips 22 ther- 
eon and conductive line the LED bare chips 22 by the 
wire bonding technique. In addition, the optical system 
used should have an increased size. Also, it is currently 

45 difficult to mount the LED bare chips 22 inside the re- 
cesses considering the capillary and collet sizes of 
bonders of various types. That is to say, to get the cap- 
illary or collet inserted into the recess, the recess and 
the optical system (i.e., the light outgoing region) should 

so have increased sizes. 

[0020] In the configuration shown in FIGS. 1 (b) and 2 
(b) on the other hand, one side of the substrate 21 is 
covered with the molding resin 24. Accordingly, the time 
it takes to cure the molding resin 24 in the center portion 

55 of the substrate Is different from the time it takes to cure 
the same resin 24 in the peripheral portion thereof. As 
a result, a great residual stress is produced inside the 
resin. Furthermore, since the light that has been emitted 
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from one LED bare chip 22 is absorbed into other LED 
bare chips 22 (i.e., self-absorption by LEDs), the light- 
extraction efficiency of the overall LED illumination 
source decreases. Moreover, since the molding resin 24 
functions as a heat storage material, a temperature dif- 
ference is created between the center and peripheral 
portions of the substrate. In that case, the thermal ex- 
pansion coefficient also varies on the same substrate, 
thus propagating the stress of the molding resin 24 to 
the peripheral portion of the substrate. 
[0021] In order to overcome the problems described 
above, an object of the present invention is to provide 
an LED illumination source and LED illumination appa- 
ratus that can solve all of these problems (i.e., increas- 
ing the density of integration and improving the heat dis- 
sipation performance and optical efficiency) at the same 
time. 

DISCLOSURE OF INVENTION 

[0022] An LED illumination apparatus according to 
the present invention includes: at least one connector 
to be connected to an insertable and removable card- 
type LED illumination source, which includes multiple 
LEDs that have been mounted on one surface of a sub- 
strate; and a lighting drive circuit to be electrically con- 
nected to the card-type LED illumination source by way 
of the connector. 

[0023] In a preferred embodiment, the substrate is a 
metal base substrate. An insulating layer and a conduc- 
tive line pattern are provided on the surface of the metal 
base substrate such that the LEDs are mounted there- 
on. 

[0024] In another preferred embodiment, the LEDs 
have been mounted in a bare chip state on the sub- 
strate. 

[0025] In another preferred embodiment, feeder ter- 
minals are provided at one end of the surface of the sub- 
strate on which the LEDs have been mounted, and the 
center of a light outgoing region of the substrate, in 
which the LEDs mounted are located, is shifted from the 
center of the substrate. 

[0026] In another preferred embodiment, the LED il- 
lumination apparatus includes a thermal conductor 
member. The thermal conductor member thermally con- 
tacts with the back surface of the substrate, on which 
none of the LEDs is mounted, and receives heat from 
the back surface of the substrate. 
[0027] In another preferred embodiment, the area of 
a contact portion between the back surface of the sub- 
strate and the thermal conductor member is equal to or 
greater than the area of the light outgoing region of the 
substrate in which the LEDs mounted are located. 
[0028] In another preferred embodiment, the illumina- 
tion apparatus further includes a feeder base for exter- 
nally supplying electrical energy to the lighting drive cir- 
cuit 

[0029] In another preferred embodiment, the feeder 



base is a base for a light bulb. 
[0030] In another preferred embodiment, the illumina- 
tion apparatus includes a housing, which transmits light 
emitted from the card-type LED illumination source that 
s is connected to the connector. This housing may have 
various optical properties to reflect, refract and diffuse 
the light. 

[0031] In anotherpreferred embodiment, the illumina- 
tion apparatus includes: a receiving portion, on/from 
10 which the card-type LED illumination source is fixable 
and removable; and stopper means for keeping the 
card-type LED illumination source from dropping from 
the receiving portion. The stopper means operates in 
such a manner as to allow a human user to remove the 

15 card-type LED illumination source from the receiving 
portion with his or her fingers. 
[0032] In another preferred embodiment, the surface 
of the substrate on which the LEDs have been mounted 
has a substantially rectangular shape. The receiving 

20 portion includes a guide for getting the card-type LED 
illumination source slid and guided thereon. When fixed 
on the receiving portion, the card-type LED illumination 
source is supplied with electrical power from the con- 
nector and has the back surface of the substrate thereof 

25 contact thermally with the receiving portion . 

[0033] In anotherpreferred embodiment, the illumina- 
tion apparatus includes a movable mechanism with a 
fixing portion for fixing the card-type LED illumination 
source onto the receiving portion. When fixed on the re- 

30 ceiving portion, the card-type LED illumination source is 
supplied with electrical power from the connector and 
has the back surface of the substrate thereof contact 
thermally with the receiving portion. 
[0034] In another preferred embodiment, a thermal 

35 resistance between the back su rf ace of the substrate of 
the card-type LED illumination source, on which none 
of the LEDs is mounted, and the LEDs is 10 °C/W or 
less. 

[0035] In anotherpreferred embodiment, the illumina- 
io tion apparatus includes means for dissipating heat from 
the back surface of the substrate on which none of the 
LEDs is mounted. 

[0036] A card-type LED illumination source according 
to the present invention includes: a metal base sub- 

15 strate; and multiple LED bare chips that have been 
mounted on one surface of the metal base substrate. 
The card-type LED illumination source is supported so 
as to be insertable into, and removable from, an illumi- 
nation apparatus that includes a connector and a light- 

50 ing drive circuit. The back surface of the metal base sub- 
strate, on which none of the LED bare chips is mounted, 
thermally contacts with a portion of the illumination ap- 
paratus. A feeder terminal is provided on the surface of 
the metal base substrate on which the LED bare chips 

55 have been mounted. 

[0037] In a preferred embodiment, an optical reflector 
with holes to surround the LED bare chips is provided 
on the surface of the metal base substrate on which the 
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LED bare chips have been mounted, and the LED bare 
chips are encapsulated. 

[0038J In another preferred embodiment, optical lens- 
es are fitted with the holes of the optical reflector. 
[0039] In another preferred embodiment, stress relax- s 
ing means is provided between the metal base substrate 
and the optical reflector. 

[0040] In another preferred embodiment, the center 
of the metal base substrate is shifted from the center a 
light outgoing region of the metal base substrate in w 
which the LED bare chips mounted are located. 
[0041] In another preferred embodiment, a thermal 
resistance between the back surface of the metal base 
substrate, on which none of the LED bare chips is 
mounted, and the LED bare chips is 1 0 °C/W or less. w 
[0042] In another preferred embodiment, an insulat- 
ing layer and a conductive line pattern are provided on 
the surface of the metal base substrate so that the LED 
bare chips are mounted thereon. The insulating layer is 
made of a composite material including at least an inor- 20 
ganic filler and a resin composition. 
[0043] In another preferred embodiment, the insulat- 
ing layer is white. 

[0044] In another preferred embodiment, the illumina- 
tion source includes at least two conductive line pattern 25 
layers that are stacked one upon the other with an insu- 
lating layer interposed between them. The illumination 
source has a structure for conductive lineing the at least 
two conductive line pattern layers together at a prede- 
termined position of the insulating layer. 30 
[0045] In another preferred embodiment, at least 
some of the LED bare chips are flip-chip bonded to the 
conductive line pattern on the metal base substrate. 
[0046] In another preferred embodiment, a phosphor, 
which receives at least some of the light that has been 35 
emitted from the LED bare chips and which emits visible 
radiation, is provided on the metal base substrate. 
[0047] An apparatus according to the present inven- 
tion includes a connector that supplies electrical power 
to the card-type LED illumination source according to *o 
any of the preferred embodiments described above. 
[0048] Another card-type LED illumination source ac- 
cording to the present invention includes multiple LED 
bare chips on a heat-dissipating substrate, Each of the 
LED bare chips includes a light emitting portion on a chip 45 
substrate. The LED. bare chips are provided on the 
heat-dissipating substrate such that a distance between 
the light emitting portion and the heat-dissipating sub- 
strate is shorter than a distance between the chip sub- 
strate and the heat-dissipating substrate. A light outgo- so 
ing facet of the chip substrate of the LED bare chip de- 
fines a slope such that a peripheral portion thereof is 
less tall than a center portion thereof. 
[0049] In a preferred embodiment, the LED bare chips 
are directly flip-chip bonded to the heat-dissipating sub- ss 
strate. 

[0050] In another preferred embodiment, the heat- 
dissipating substrate is a composite substrate. 



[0051] In another preferred embodiment, an optical 
reflector is provided on the heat-dissipating substrate so 
as to surround each of the LED bare chips and to control 
the direction of the light that has been emitted from the 
LED bare chip. 

BRIEF DESCRIPTION OF DRAWINGS 
[0052] 

FIG. 1(a) is a perspective view of a conventional 
LED illumination source and FIG. 1(b) is a perspec- 
tive view of another conventional LED illumination 
source. 

FIG. 2(a) is a partial cross-sectional view of an LED 
in the LED illumination source shown in FIG. 1(a) 
and FIG. 2(b) is a partial cross-sectional view of an 
LED in the LED illumination source shown in FIG. 
1(b). 

FIG. 3(a) is a perspective view illustrating a portion 
of a planar LED illumination apparatus according to 
the present invention and FIG. 3(b) is a perspective 
view illustrating a light bulb type LED illumination 
apparatus according to the present invention, 
FIG. 4(a) is an exploded perspective view of a card- 
type LED illumination source according to a specific 
embodiment of the presentinvention and FIG. 4(b) 
is a perspective view of the LED illumination source. 
FIGS. 5(a) and 5(b) are cross-sectional views of an 
LED in card-type LED illumination sources accord- 
ing to two specific embodiments of the present in- 
vention. 

FIGS. 6(a) and 6(b) are equivalent circuit diagrams 
showing how multiple LEDs of the card-type LED 
illumination source may be connected together. 
FIGS. 7(a) and 7(b) show to which directions light 
rays emitted from LEDs go. 
FIGS. 8(a) and 8(b) show the results of simulations 
on the luminous fluxes of two types of LEDs. 
FIGS. 9(a) and 9(b) are cross-sectional views 
showing other exemplary shapes of the light outgo- 
ing facet of the chip substrate of LEDs. 
FIG. 10 is across-sectional view illustrating another 
exemplary configuration for an LED. 
FIGS. 1 1 (a) through 1 1 (d) are planar layouts show- 
ing exemplary shapes of a wafer bonding portion of 
the LED shown in FIG. 10. 
FIG. 12 is an exploded perspective view illustrating 
another embodiment of a card-type LED illumina- 
tion source according to the present invention. 
FIG. 13 illustrates a connector that may be used for 
the LED illumination source of the present inven- 
tion. 

FIG. 14(a) is a cross-sectional view illustrating a 
portion of the card-type LED illumination source 
shown in FIG. 12 in which an LED is provided, and 
FIG. 14(b) is a cross-sectional view illustrating an- 
other portion thereof in which feeder terminals are 
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provided. 

FIG. 15 is an equivalent circuit diagram showing 
how LEDs may be connected together in the card- 
type LED illumination source shown in FJG. 12. 
FIG. 16 is a block diagram showing a configuration 
for the lighting drive circuit of an LED illumination 
apparatus to which the card-type LED illumination 
source shown in FIG. 12 is inserted. 
FIG. 17 is a planar layout illustrating an upper-level 
conductive line pattern of the card-type LED illumi- 
nation source shown in FIG. 12. 
FIG. 18 is a planar layout illustrating a lower-level 
conductive line pattern of the card-type LED illumi- 
nation source shown in FIG. 12. 
FIG. 19(a) is a plan view showing a conductive line 
pattern of a portion to be flip-chip (FC) bonded, FIG. 
19(b) is a plan view showing a conductive line pat- 
tern of a portion to be wire bonded (WB bonded), 
FIG. 19(c) is a cross-sectional view of an FC-bond- 
ed LED bare chip, and FIG. 19(d) is a cross-sec- 
tional view of a WB-bonded LED bare chip. 
FIG. 20 illustrates a light bulb type LED illumination 
apparatus as another specific embodiment of an 
LED illumination apparatus according to the 
present invention. 

FIG. 21 illustrates another light bulb type LED illu- 
mination apparatus, in which multiple card-type 
LED illumination sources are inserted, as still an- 
other specific embodiment of an LED illumination 
apparatus according to the present invention. 
FIG. 22 illustrates a desk lamp type LED illumina- 
tion apparatus as yet another specific embodiment 
of an LED illumination apparatus according to the 
present invention. 

FIG. 23 illustrates another desk lamp type LED illu- 
mination apparatus, into/from which two card-type 
LED illumination sources are insertable and remov- 
able, as yet another specific embodiment of an LED 
illumination apparatus according to the present in- 
vention. 

FIG. 24 illustrates still another desk lamp type LED 
illumination apparatus as yet another specific em- 
bodiment of an LED illumination apparatus accord- 
ing to the present invention. 
FIG. 25 illustrates a flashlight or penlight type LED 
illumination apparatus as yet another specific em- 
bodiment of an LED illumination apparatus accord- 
ing to the present invention. 
FIG. 26 illustrates an LED illumination apparatus 
that can replace a conventional illumination appa- 
ratus using a straight-tube fluorescent lamp. 
FIG. 27 illustrates an LED illumination apparatus, 
which can replace a conventional illumination ap- 
paratus using a circular-tube fluorescent lamp, as 
yet another specific embodiment of an LED illumi- 
nation apparatus according to the present inven- 
tion. 

FIG. 28 illustrates a downlight type LED illumination 



10 



15 



apparatus as yet another specific embodiment of an 
LED illumination apparatus according to the 
present invention. 

FIG. 29 illustrates an optical axis shifting type LED 
illumination apparatus as yet another specific em- 
bodiment of an LED illumination apparatus accord- 
ing to the present invention. 
FIG. 30 illustrates a card-type LED illumination ap- 
paratus as yet another specific embodiment of an 
LED illumination apparatus according to the 
present invention. 

FIG. 31 illustrates a keychain type LED illumination 
apparatus as yet another specific embodiment of an 
LED illumination apparatus according to the 
present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 



[0053] An LED illumination apparatus according to 
20 the present invention includes: a connector to be elec- 
trically connected to an insertable an d removable card- 
type LED illumination source; and a lighting drive circuit 
to be electrically connected to the card-type LED illumi- 
nation source by way of the connector. When the cart- 
as type LED illumination source is fitted in, the apparatus 
can radiate illumination. As will be described in detail 
later, the card-type LED illumination source has a struc- 
ture in which multiple LEDs are mounted on one surface 
of a substrate (printed circuit board) with good heat dis- 
30 sipation performance. 

[0054] As already described forthe conventional LED 
illumination sources, if a great number of LED elements 
are mounted on a substrate at a high density and if a 
large amount of current is supplied to each of those LED 
35 elements, then the LED might generate an excessive 
quantity of heat to shorten the life of the LED potentially. 
This is a major problem that constituted a serious ob- 
stacle to popularizing LED illumination apparatuses. 
[0055] According to the present invention, the light 
40 source of an illumination apparatus is implemented as 
an insertable and removable card-type structure, there- 
by dissipating the heat, generated from the LEDs, much 
more smoothly. In addition, only a light source with its 
life ended can be replaced with a brand-new light 
45 source. Thus, the overall structure of the LED illumina- 
tion apparatus, other than the light source, can be used 
for a long time. 

[0056] To improve the heat dissipation performance, 
an LED is preferably mounted as a bare chip on one 
so surface of a substrate. This is because the heat gener- 
ated from the LED is directly transmitted to the substrate 
and therefore the substrate can exhibit improved heat 
dissipation performance in that case. 
[0057] By integrating the LEDs and feeder terminals 
55 together on one surface, or the principal surface, of the 
substrate, the othersurface (i.e., back surface) thereof, 
which is opposed to the principal surface, can be fully 
used as a heat-conducting plane for heat dissipation 
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purposes. As a result, the area of contact between this 
LED illumination apparatus and a thermal conductor 
member can be at least equal to, or even greater than, 
the area of a light outgoing region in which the LEDs are 
mounted. To increase the heat conduction, the back sur- 
face of the substrate, on which no LEDs are mounted, 
is preferably made of a metal. 
[0058] If the sizes of the card-type LED illumination 
source and the positions of the feeder terminals are 
standardized, then the card-type LED illumination 
source can be used in various types of illumination ap- 
paratuses, and can be mass-produced at a reduced 
cost. 

[0059] To ensure good electrical insulation between 
the feeder terminals and to strike an adequate balance 
between the electrodes and other units to be assembled 
together the pitch of the feeder terminals may be defined 
to be 0.3 mm, 0.5 mm, 0.8 mm, 1 .25 mm, 1 .27 mm, 1 .5 
mm or 2.54 mm. Substrates for the card-type LED illu- 
mination sources are preferably mass-produced by dic- 
ing a wafer of a huge size into a great number of sub- 
strates for card-type LED illumination sources. Howev- 
er, the dicing process cannot be free from manufacturing 
errors. In the LED illumination apparatus, the size of the 
connector, into/from which the card-type LED illumina- 
tion source is inserted and removed, is also slightly var- 
iable during its mechanical manufacturing process. Ac- 
cordingly, if the pitch between the electrodes is too 
small, then the feeder terminals might be short-circuited 
together in the connector portion of the LED illumination 
apparatus. For that reason, the pitch between the elec- 
trodes is preferably defined to be at least 0.8 mm. 
[0060] Also, the forward voltage decreases in an LED 
at an elevated temperature. Accordingly, to increase the 
stability of its operation, the LED is preferably driven with 
a constant current supplied rather than a constant volt- 
age applied. When driven with a constant current sup- 
plied, then the card-type LED light source needs the 
same number of ground lines as that of constant-current 
driving paths. Preferably, multiple grounded feeder ter- 
minals are provided on the substrate so as to' be elec- 
trically isolated from each other. Thus, the LED illumi- 
nation apparatus to be compatible with such a card-type 
LED illumination source is also preferably provided with 
multiple grounded electrode connectors. When a 
number of feeder terminals are arranged on the card- 
type LED light source, the pitch between the electrodes 
is preferably 2 mm or less, more preferably 1 .25 mm or 
less. 

[0061] If illumination is provided by using the card- 
type LED light source and LED illumination apparatus 
of the present invention and by getting blue, green (or 
cyan), yellow (or orange), red and white LEDs driven 
independently as will be described tater, two electrodes 
are preferably provided for LEDs of each color (i.e., ten 
electrodes in total). 

[0062] The card-type LED light source of the present 
invention may be designed in such a manner as to be 



driven either with a constant voltage applied or a con- 
stant current supplied. Alternatively, the light source 
may also be designed to be driven by way of multiple 
electrically isolated paths. In any case, the card-type 

5 LED light source preferably includes two or more con- 
ductive line pattern layers, which are stacked one upon 
the other with an insulating layer interposed between 
them, and preferably has a structure to interconnect the 
two or more conductive line pattern layers together. 

10 [0063] Where a via structure is adopted as the struc- 
ture for interconnecting the two or more conductive line 
pattern layers together, the diameter of via holes may 
be arbitrarily selected from the range of 100 um to 350 
u/n, for example. Considering a possible variation in the 

15 diameter of via holes to be provided, the width of the 
feeder terminals of the card-type LED light source is 
preferably two or three times as large as the diameter 
of the via holes, and may be 200 urn to 1 ,050 u.m, for 
example. 

20 [0064] The length of the feeder terminals is preferably 
defined such that the connector of the LED illumination 
apparatus does not directly contact with the via metals. 
For that reason, the feeder terminals preferably have a 
length of 1 mm or more, for example. To downsize the 

25 card-type LED light source, however, the length of the 
feeder terminals is preferably no greater than 5 mm. 
[0065] Hereinafter, preferred embodiments of an LED 
illumination apparatus according to the present inven- 
tion will be described first with reference to the accom- 

30 panying drawings. 

EMBODIMENT 1 

[0066] FIG. 3(a) is a perspective view illustrating a 
35 portion of an LED illumination apparatus according to 
the present invention and shows a heat sink 19 in which 
multiple insertable/removable card-type LED illumina- 
tion sources 10 are fitted. 

[0067] Each of the card-type LED illumination sources 
40 10 is inserted to a predetermined position through a slot, 
which is provided on a side surface of the heat sink 19. 
The heat sink 19 thermally contacts with the back sur- 
face of the card-type LED illumination source 10 insert- 
ed, thereby dissipating the heat away from the back sur- 
45 face of the substrate of the card-type LED illumination 
source 10. 

[0068] When inserted in the heat sink 19, the card- 
type LED illumination sources 10 are electrically con- 
nected to a connector (not shown), which is provided 

so inside the heat sink 19. The card-type LED illumination 
sources 10 are further connected electrically to a lighting 
drive circuit (not shown) by way of the connector. As 
used herein, the "connector" refers to any of various 
types of members orcomponents that can be electrically 

55 connected to the card-type LED illumination source 
through an insertable/removable mechanism. Connec- 
tors with various structures, to/from which numerous 
types of memory cards, for example, are inserted or re- 
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moved, are on the market. According to the present in- 
vention, a connector that has substantially the same 
structure as any of those currently available connectors 
may be adopted. 

[0069] An LED illumination apparatus, including such 
a heat sink 19 and a lighting drive circuit, can easily have 
a reduced thickness and can be used effectively as a 
planar light source. Also, if any of the card-type LED il- 
lumination sources 10 gets out of order, the non-oper- 
ating card-type LED illumination source 10 may be re- 
moved from the heat sink 19 and instead a new (i.e., 
normally operating or non-deteriorated) card-type LED 
illumination source 10 may be inserted. Then, the illu- 
mination apparatus can be used continuously. 
[0070] In a preferred embodiment of the present in- 
vention, the feeder terminals are provided on the sur- 
face of the card-type LED illumination source 10 such 
that the card-type LED illumination source 10 can be 
easily inserted or removed without using any special tool 
or instrument. Thus, just by connecting the card-type 
LED illumination source 10 to the connector, the feeder 
terminals can be electrically contacted with, and con 
nected to, the connector. Specific preferred structures 
of such a card-type LED illumination source 10 will be 
described in detail later. 

[0071] As described above, in the embodiment illus- 
trated in FIG. 3(a), the heat sink 19 thermally contacts 
with the back surface of the substrate of the card-type 
LED illumination source 10 (i.e., the surface on which 
no LEDs are mounted). Accordingly, this heat sink 19 
functions as a thermal conductor member to receive the 
heat from the back surface of the substrate of the card- 
type LED illumination source. Examples of other pre- 
ferred thermal conductor members include a heat-dis- 
sipating sheet made of silicone grease or gel, a combi- 
nation of such a heat-dissipating sheet and a heat sink, 
and a combination of a heat pipe and a fan. Optionally, 
the casing of the LED illumination apparatus itself may 
also be used as a thermal conductor member. 
[0072] Next, FIG. 3(b) will be referred to. 
[0073] The LED illumination apparatus shown in FIG. 
3(b) is an illumination apparatus that can replace a 
known incandescent lamp, and includes: an adapter 20 
to support the card-type LED illumination source there- 
on in an insertable/removable state; and a transparent 
housing 20a to cover the card-type LED illumination 
source inserted. A lighting drive circuit (not shown) is 
provided inside the adapter 20. The lower portion of the 
adapter 20 is a feeder base (lamp base for a light bulb) 
(e.g., a screw base) to externally supply electric energy 
to the internal lighting drive circuit. The shape and size 
of this feeder base may be the same as those of the 
feeder base of a normal incandescent lamp. According- 
ly, the LED illumination apparatus shown in FIG. 3(b) 
may be used by being fitted in any currently available 
electric light socket in which an incandescent lamp may 
be screwed. It should be noted that the screw base may 
be replaced with a pin base. 



[0074] In the LED illumination apparatus shown in 
FIG. 3(b), the adapter 20 includes a slot, through which 
the card-type LED illumination source 10 is inserted. A 
connector (not shown) is provided at the end of the slot 
s to electrically connect the card-type LED illumination 
source 10 to the lighting drive circuit. In the embodiment 
illustrated in FIG. 3(b), the slot is provided for the adapt- 
er 20 so as to insert or remove the card-type LED illu- 
mination source 10 therethrough. However, the illumi- 
10 nation source 10 does not have to be inserted or re- 
moved in this manner. Other preferred embodiments of 
a non-slotted type will be described later. 
[0075] As described above, the card-type LED illumi- 
nation source 1 0 shown in FIG. 3(b) has such a structure 
'5 as allowing the user to insert the illumination source 10 
into, or remove it from, the connector easily. According- 
ly, the illumination source 10 can also be easily remov- 
able from a lu minaire. Since the card-type LED illumi- 
nation source 10 is easily removable in this manner, the 
20 following effects can be achieved. 

[0076] Firstly, a luminaire that emits a different quan- 
tity of light can be easily provided by substituting a card- 
type LED illumination source 10, on which LEDs are 
mounted at a different density, forthe existent one. Sec- 
25 ondly, even if any card-type LED illumination source 10 
has deteriorated in a shortertime than expected and has 
almost run out of its life as light source, only the light 
source section can be renewed just by replacing the ex- 
hausted card-type LED illumination source 10 as in a 
30 normal light bulb or fluorescent lamp. 

[0077] Thirdly, each of the LEDs to be mounted on the 
card-type LED illumination source 10 may emit light in 
a color having a relatively low correlated color temper- 
ature, light in a color having a relatively high correlated 
35 colortemperature.orlightinauniquecolorsuchasblue, 
red, green or yellow, for example. By selecting an ap- 
propriate one from these card-type LED illumination 
sources 10 and inserting it into its associated LED illu- 
mination apparatus, the colors of the light to be emitted 
40 from the LED illumination apparatus can be switched or 
controlled. 

[0078] Furthermore, if LEDs that emit light in multiple 
colors (i.e., two or more colors) are mounted on the 
same card-type LED illumination source 10, then the 

45 colors of the light emitted from the single card-type LED 
illumination source 10 can range from a color having a 
relatively low correlated color temperature to a color 
having a relatively high correlated color temperature. In 
that case, if the card-type LED illumination source 10 is 

so a two-wavelength type for emitting light rays in just two 
colors, then a light source having low color rendering 
performance but high optical efficiency is realized. For 
example, if the correlated color temperatures should be 
low, then red and cyan (or green) emissions are prefer- 

55 ably combined with each other. On the other hand, if the 
correlated color temperatures should be high, then blue 
and yellow (or orange) emissions are preferably com- 
bined with each other. It should be noted that if a phos- 
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phor, which is excited by a blue ray and has a peak of 
emission at an intermediate wavelength between blue 
and red parts of the visible radiation range (e.g., YAG 
phosphor), is added to a combination of blue-ray-emit- 
ting and red-ray-emitting LEDs, then a high-efficiency 
light source with a general color rendering index (CRI) 
of 80 or more is realized. Furthermore, if the card-type 
LED illumination source 10 is a three-wavelength type 
for emitting light rays in three colors, then blue, cyan (or 
green) and red emissions are preferably combined with 
each other. And if the card-type LED illumination source 
1 0 is a four-wavelength type for emitting light rays in four 
colors, then blue, cyan (or green), yellow (or orange) 
and red emissions are preferably combined with each 
other. The four-wavelength type, in particular, can be a 
light source with high color rendering performance, 
which has a general CRI of over 90. It should be noted 
that the present invention is also applicable for use even 
if the LED bare chips to be mounted emit single-color or 
ultraviolet rays or if white light is emitted by getting a 
fluophor or phosphor excited by the LED bare chips. Al- 
ternatively, the fluophor or phosphor may be included in 
the substrate. Furthermore, even when blue- ray-em it- 
ting LEDs, a fluophor or phosphor to be excited by a 
blue ray, and red-ray-emitting LEDs are combined to- 
gether, high optical efficiency and high color rendering 
performance are realized at the same time. 
[0079] The card-type LED illumination source 10 de- 
scribed above has a square card shape. However, the 
present invention is in no way limited to this specific pre- 
ferred embodiment. The electrodes to supply electric 
energy (i.e., feeder terminals) are preferably provided 
on the substrate of the card-type LED illumination 
source 10 around the region in which the LEDs are ar- 
ranged. In a more preferred embodiment, multiple feed- 
er terminals are arranged beside one end (one side) of 
the substrate, if a large number of feeder terminals are 
needed, the substrate may have a rectangular shape 
with longer sides. In that case, the center of a cluster of 
LEDs (i.e., the center of the light outgoing region in 
which the LEDs are arranged) shifts from that of the sub- 
strate. Then, no bending stress will be placed on the 
center of the light outgoing region including an optical 
system. Thus, the illumination source can resist the 
bending stress sufficiently. Also, if the comers of the rec- 
tangle are rounded, then the LED luminaire is less likely 
scratched by the comers of the substrate while the user 
is removing the card-type LED illumination source with 
fingers. 

[0080] It should be noted that a portion of the sub- 
strate may include a notch, mark, recess or protrusion 
to indicate the insertion direction of the card-type LED 
illumination source 10 clearly. Then, in fitting the card- 
type LED illumination source 10 in the illumination ap- 
paratus, the card-type LED illumination source 10 can 
be positioned accurately and easily with respect to the 
illumination apparatus. 

[0081 ] In the preferred embodiment described above, 
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the feeder terminals are provided on the card-type LED 
illumination source and are connected to the connector 
electrodes. However, a ny of the following alternative 
configurations may be adopted. 

i) A face bonding type cable connector part is 
mounted on the electrodes of the card-type LED il- 
lumination source such that a feeder cable can be 
inserted or removed into/from the card-type LED il- 
lumination source itself, or 

ii) A feeder cable is directly bonded to the card-type 
LED light source such that the free end of the cable, 
which is not bonded to the card-type LED light 
source, can be inserted or removed into/from the 
power supply. 

[0082] When one of these alternative configurations 
is adopted, the feeder cable is preferably a flat cable 
with some flexibility. 

EMBODIMENT 2 



[0083] Next, specific preferred embodiments of a 
card-type LED illumination source accordi ng to the 

25 present invention will be described. 
. [0084] FIGS. 4(a) and 4(b) illustrate a configuration 
for a card-type LED illumination source according to a 
second specific embodiment. The card-type LED illumi- 
nation source of this embodiment is preferably for use 

30 jn the illumination apparatus shown in FIG. 3(a) or 3(b). 
[0085] In the card-type LED illumination source of this 
embodiment, multiple LED bare chips 2 are mounted on 
one surface of a heat-dissipati ng substrate 1 as shown 
in FIG. 4(a). In the example illustrated in FIG. 4(a), the 

35 LED bare chips 2 are arranged in matrix, or in columns 
and rows. However, the present invention is in no way 
limited to this specific preferred embodiment Thus, the 
LED bare chips 2 may be arranged in any other arbitrary 
pattern. 

40 [0086] The heat-dissipating substrate 1 with the LED 
bare chips 2 mounted thereon is further combined with 
the optical reflector 3 shown in FIG. 4(a) to make the 
card-type LED illumination source shown in FIG. 4(b). 
The optical reflector 3 includes the same number of 
45 openings (or holes) 3b as that of the LED bare chips 2 
that are arranged on the heat-dissipating substrate 1 . 
Thus, the light that has been emitted from the LED bare 
chips 2 goes out through the openings 3b of the optical 
reflector 3. It should be noted that to increase the light- 
so extraction efficiency, the openings (or holes) of the op- 
tical reflector preferably have varying diameters such 
that the light outgoing portion thereof, which is more dis- 
tant from the heat-dissipating substrate, has a greater 
diameter than that of their portion closer to the heat-dis- 
55 sipating substrate. 

[0087] In this embodiment, an alumina composite 
substrate having a high thermal co nductivity of about 3.2 
W/(m • K) is used as the heat-dissipating substrate 1 of 
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the card-type LED illumination source. The heat-dissi- 
pating substrate 1 of an alumina composite is a metal 
base substrate including a metal plate as a base with a 
thickness of 0.5 u.m to 3.0 u.m, for example, and an in- 
sulating layer provided on the metal plate. To ensure a 
good warpage or bend strength against the heat gener- 
ated, the substrate preferably has a thickness of at least 
0.7 mm. On the other hand, to dice the mother wafer 
into a number of substrates just as intended, the sub- 
strate preferably has a thickness of at most 2.0 mm. Fur- 
thermore, to improve the heat dissipation performance 
thereof, a thermal resistance between the back surface 
of the substrate of the card-type LED illumination 
source, on which no LED bare chips are mounted, and 
the LED bare chips is preferably 10 °C/W or less. 
[0088] Next, cross-sectional structures of the card- 
type LED illumination source will be described in detail 
with reference to FIGS. 5(a) and 5(b). FIG. 5(a) illus- 
trates a partial cross section of an exemplary illumina- 
tion so urce with a single insulating layer 1 c. On the oth- 
er hand, FIG. 5(b) illustrates a partial cross section of 
another exemplary illumination source with multiple (two 
in this case) insulating layers 1c and 1e. 
[0089] As can be seen from FIGS. 5(a) and 5(b), the 
heat-dissipating substrate 1 of this embodiment in- 
cludes a metal plate 1b and insulating layer(s) 1c (and 
1e) that has or have been bonded onto the metal plate 
1b. The in sulating layers 1c and 1e are preferably made 
of a composite material including an inorganic filler and 
a resin composition. The total thickness of the two insu- 
lating layers 1c and 1e may be 100 ujti to 400 u.m, for 
example. FIG. 5(b) illustrates an example in which two 
insulating layers are provided. However, the number of 
insulating layers may be further increased. 
[0090] The inorganic filler is preferably at least one 
filler that is selected from the group consisting of Al 2 0 3 , 
MgO, BN, Si0 2l SiC, Si 3 N 4 and AIN. To increase the fill 
density and the thermal conductivity, particles of the in- 
organic filler are preferably spherical. The resin compo- 
sition in which the inorganic filler is dispersed preferably 
includes at least one resin that is selected from the 
group consisting of epoxy resin, phenol resin and cy- 
anate resin. Furthermore, the mixture preferably in- 
cludes 70 wt% to 95 wt% of inorganic filler and 5 wt% 
to 30 wt% of resin composition. 
[0091] The metal plate 1b maintains the mechanical 
strength of the heat-dissipating substrate 1 and contrib- 
utes to distributing the heat in the heat-dissipating sub- 
strate 1 as uniformly as possible. Also, the metal plate 
1 b has a flat back surface. Accordingly, when the metal 
plate 1 b thermally contacts with a member having good 
thermal conductivity (e.g., a heat sink not shown), high 
heat dissipation effects are achieved. 
[0092] The insulating layer 1e on the metal plate 1b, 
which is the base metal of the heat-dissipating substrate 
1 , may have the structure described above. Alternative- 
ly, a low-temperature-baked glass-ceramic substrate, 
having a lower thermal conductivity than the composite 



material, may also be used instead. Optionally, a ceram- 
ic substrate, an enamel substrate, an aluminum nitride 
substrate or a beryllium oxide substrate, each of which 
has a high thermal conductivity, may also be used as 
5 the base, although these substrates are rather expen- 
sive. However, considering its good heat dissipation 
performance and mechanical strength, it is most prefer- 
able to use a metal plate as the base metal of the heat- 
dissipating substrate 1 . The insulating layer to be bond- 
10 ed onto the metal plate may be one of the substrates 
mentioned above (e.g., a ceramic substrate). In that 
case, the insulating substrate to be bonded to the metal 
plate is preferably thin and preferably has a strength 
high enough to be bonded there. The insulating sub- 
's strate may have a thickness of 80 u.m to 1 ,000 urn, for 
example. In this manner, multiple insulating layers, 
made of different materials or having different composi- 
tions, may be stacked on the base metal. 
[0093] On the heat-dissipating substrate 1, conduc- 
20 tive lines 1a (and 1d) are provided and electrically iso- 
lated from the metal plate 1b by the insulating layer(s) 
1c (and 1e) made of the composite material. 
[0094] In the example illustrated in FIG. 5(b), the con- 
ductive lines 1a on the first insulating layer 1c are elec- 
ts trically connected to the conductive lines 1d on the sec- 
ond insulating layer 1e by way of a via metal 1f that is 
provided through the first insulating layer 1c. 
[0095] As for the heat-dissipating substrate 1 shown 
in FIG. 5(a), when a number of LEDs are arranged on 
30 the same substrate to emit light rays in multiple colors 
(e.g., two to four colors), a simple series-parallel con- 
nection as shown in FIG. 6(a) or a ladder connection as 
shown in FIG. 6(b) is adopted for each of those colors. 
By adopting such a ladder connection, the LEDs can be 
35 turned ON with the variation in current-voltage charac- 
teristic thereof minimized. Also, even if just one LED is 
disconnected, all of the LEDs that are connected in se- 
ries to the disconnected LED will be turned OFF in the 
circuit shown in FIG. 6(a). In the circuit shown in FIG. 6 
40 (b) on the other hand, nothing but the disconnected LED 
will be turned OFF. In contrast, the heat-dissipating sub- 
strate 1 with the multilayer structure shown in FIG. 5(b) 
makes it possible to arrange LEDs of electrically differ- 
ent systems adjacently to each other as shown in FIG. 
45 15. Thus, the presence of OFF-state LEDs or the vari- 
ation in brightness is even less perceivable in this circuit 
configuration. In addition, this structure is also advanta- 
geous in mixing LED emissions in multiple colors, and 
makes it possible to adopt the ladder connection. 
so [0096] In this embodiment, an LED 2 in a bare chip 
state (i.e., LED bare chip) is directly mounted on the 
heat-dissipating substrate 1. As shown in FIGS. 5(a) 
and 5(b), this LED bare chip 2 includes a light emitting 
portion 15 on a chip substrate 11 of sapphire. The light 
55 emitting portion 15 has a structure in which an n-type 
semiconductor layer 12 of GaN, an active layer 13 and 
a p-type semiconductor layer 14 are stacked one upon 
the other. 
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[0097] Unlike the conventional examples shown in 
FIGS. 1(a) and 1(b), the LED bare chip 2 is mounted 
facedown in this embodiment, i.e., such that the light 
emitting portion 1 5 is closer to the heat-dissipating sub- 
strate 1 than the chip substrate 11 is. That is to say, the 
electrode 14a of the p-type semiconductor layer 14 is 
directly flip-chip bonded to the conductive line 1a on the 
heat-dissipating substrate 1. The electrode 12a of the 
n-type semiconductor layer 12 is also connected to the 
conductive line 1a on the heat-dissipating substrate 1 
by way of a bump 16, not wire. The electrodes 12a and 
14a may also be bonded with respective bumps. The 
greater the area of the electrode 12a or 1 4a of the LED 
bare chip 2 to be metal-bonded onto the conductive lines 
1a, the greater the quantity of heat dissipated. In view 
of this consideration, the configuration of this embodi- 
ment, in which light is allowed to go out from the chip 
substrate 11 and a great metal contact area can be pro- 
vided under the light emitting portion 15, is advanta- 
geous. 

[0098] Considering currently available LED bare 
chips, a width or length of about 250 u,m to about 350 
u.m and a thickness of about 90 u,m to about 350 u,m 
would be practical choices as sizes of each LED bare 
chip 2. However, the present invention is in no way lim- 
ited to these specific sizes. 

[0099] If the LED bare chips 2 are flip-chip bonded to 
the conductive line pattern and have a width and a 
length of about 1 mm or more as is done in this embod- 
iment so as to increase the quantity of light that can be 
extracted from a single LED bare chip 2, then the fol 
lowing advantages are obtained. 
[0100] When the sizes of an LED bare chip are in- 
creased to 500 u.m or more, the emission produced 
might be intense enough near the electrodes but might 
be weak at a position far away from the' electrodes due 
to the distributions of resistance and current density in 
the p- and n-type semiconductors that are bonded to the 
electrodes and fed with electric energy, which is a prob- 
lem. However, this problem can be resolved by flip-chip 
bonding a n LED bare chip of a large size and increasing 
the area of the electrodes of the LED bare chip to 50% 
or more of the overall area of the element as is done in 
this embodiment. This advantage is achieved by the 
unique structure of the present invention in which the 
light outgoing facet of an LED bare chip is opposite to 
the feeding surface thereof. It should be noted that the 
electrodes provided for each LED bare chip do not have 
to consist of just one pair (i.e., those provided for the p- 
and n-type semiconductor layers in this embodiment) 
but may consist of multiple pairs. Then, the variation in 
current density inside the LED bare chip can be re- 
duced. If those multiple pairs of electrodes are connect- 
ed by the conventional wire bonding technique, then 
each wire should run a long distance to reach its desti- 
nation or the wire bonding process needs to be carried 
out an increased number of times. 
[0101] In this embodiment, the surface of the chip 



substrate 1 1 , i.e., the surface of the substrate of the LED 
bare chip (or the light outgoing facet), is not completely 
planar but has such a shape as decreasing the height 
from its raised center portion toward its periphery (e.g., 

5 a dome shape). 

[0102] In the optical reflector 3 of a metal (e.g., alumi- 
num) on the heat-dissipating substrate 1, a reflective 
plane 3a that controls the direction of the light emitted 
from each LED bare chip 2 is provided so as to surround 

10 the LED bare chip 2 and the hole 3b is provided for each 
LED bare chip 2. Also, this hole 3b is filled with a resin 
4 (e.g., epoxy, resin, silicone, or a combination thereof) 
to mold the LED bare chip 2 with. This molding resin 4 
works as a lens. 

15 [0103] In such a structure, when a forward bias volt- 
age is applied between the electrodes 12a and 14a, the 
electrons injected into the n-type semiconductor layer 
12 will recombine with the holes injected into the p-type 
semiconductor layer 14, thereby emitting light from the 

20 active layer 13. And this emission is utilized as illumina- 
tion. Also, the light that has been emitted laterally in 
FIGS. 5(a) and 5(b) gets reflected upward by the reflec- 
tive plane 3a of the optical reflector 3, thereby increasing 
the optical efficiency. 

25 [0104] In this embodiment, when each LED bare chip 
2 emits the light, a huge quantity of heat is also gener- 
ated. However, the heat generated is directly dissipated 
from the light emitting portion 15 into the heat-dissipat- 
ing substrate 1. At the same time, the metallic optical 

30 reflector 3 also contributes to distributing the heat uni- 
formly in the heat-dissipating substrate 1 , thereby pre- 
venting the heat from being concentrated at the center 
of the heat-dissipating substrate 1 . 
[0105] The LED bare chip 2 of this embodiment may 

35 be fabricated by the following process steps, for exam- 
ple. 

[0106] First, an n-type semiconductor layer of GaN, 
an active layer, and a p-type semiconductor layer of 
GaN are deposited and stacked in this order on a sap- 

40 phire wafer with a diameter of about 2 inches by a CVD 
process, for example, and then electrodes 12a and 14a 
are formed thereon to prepare a semiconductor wafer. 
Next, the semiconductor wafer prepared in this manner 
is subjected to sand blasting and dicing process steps, 

45 thereby making a number of LED bare chips 2. 

[0107] Specifically, fine ceramic or metal particles are 
propelled against the sapphire side of the semiconduc- 
tor wafer, thereby forming multiple isolating grooves on 
the sapphire side of the wafer Thereafter, those isolat- 

50 ing grooves are further deepened by the dicing process, 
thereby cutting the wafer into multiple LED bare chips 
2. In this manner, multiple LED bare chips 2, in which 
the light outgoing facet of the chip substrate 1 1 is raised 
like a dome, are obtained. In this case, by adjusting the 

55 flow rate or flow velocity of the ceramic or metal particles 
to be sprayed, the surface shape of the chip substrates 
11 can be controlled. Alternatively, two dicing blades 
with cutting edges in different shapes may be used in 
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combination. In that case, the sloped portions may be 
formed first by a cutting process that uses a dicing blade 
with one type of cutting edge and then the wafer may 
be fully divided into respective chips with a dici ng blade 
having the other type of cutting edge. 5 
[0108] Unlike the conventional LED bare chip includ- 
ing electrodes both on the top and bottom thereof, the 
flip-chip bonding structure is adopted and the uppersur- 
face of the LED bare chip is smaller than the lower su 
rface thereof in this embodiment. Accordingly, there is 10 
no need to concern about the decrease in size of the 
upper electrode, or damage possibly done on it, during 
the machining process described above. Also, since no 
wires are provided on the upper surface of the LED bare 
chip, no radiation is interfered with by any wire. Accord- 15 
ingly, the distribution of the emission is not disturbed by, 
or the optical output power is not decreased by, the 
wires. 

[0109] In the example described above, a sapphire 
wafer is supposed to be used. Alternatively, an SiC wa- 20 
fer, a GalM wafer or any other wafer may also be used. 
The point is that the wafer to be used should transmit 
not only visible radiation but also any other radiation 
emitted from the LEDs. As another alternative, the LED 
bare chip may also be packaged with a conventional 25 
through hole element (such as a bullet type element), a 
surface mount (SM) device or a chip type element. 
[0110] Those LED bare chips 2 prepared in this man- 
ner are arranged in matrix on the heat-dissipating sub- 
strate 1 with the electrodes 12a and 14a thereof con- 30 
nected to the conductive lines 1a on the heat-dissipating 
substrate 1. Next, the substrate 1 is covered with the 
optical reflector 3 and then the respective LED bare 
chips 2 are molded with the resin 4. It should be noted 
that the holes 3b of the optical reflector 3 may be filled 35 
with the resin 4 by a printing technique. In that case, a 
great number of resin lenses can be formed at the same 
time, i.e., mass-produced effectively. 
[0111] In the card-type LED illumination source of the 
present invention, the LED bare chips 2 are arranged 40 
with the light emitting portion 1 5 thereof facing the heat- 
dissipating substrate 1 . Accordingly, unlike the conven- 
tional examples shown in FIGS. 1(a) and 1(b), no feed- 
ing wires or no wire bonding areas are needed. Thus, 
the space to be provided between adjacent LED bare 45 
chips 2 can be narrowed, and therefore, a greater 
number of LED bare chips 2 can be integrated together. 
This arrangement is also effectively applicable for use 
to realize a color mixture by using multiple LED bare 
chips 2 (or bare chips) that emit light rays in mutually so 
different colors. 

[0112] In addition, the heat generated by the light 
emitting portion 15 is efficiently dissipated away through 
the heat-dissipating substrate 1 with a high thermal con- 
ductivity. In this case, the heat-generating, light emitting 55 
portion 15 of each LED bare chip 2 is directly bonded to 
the heat-dissipating substrate 1 . Accordingly, unlike the 
conventional examples shown in FIGS. 1(a) and 1(b) in 



which the heat is dissipated by way of the chip substrate, 
the heat generated by the light emitting portion 15 is di- 
rectly dissipated away through the heat-dissipating sub- 
strate 1. Thus, excellent heat dissipation performance 
is ensured. Accordingly, even if a huge quantity of heat 
has been generated, the heat can be easily dissipated 
away and the unwanted increase in temperature of the 
LED bare chips 2 can be minimized. As a result, a strong 
current can be supplied to each LED bare chip 2 and a 
great luminous flux can be obtained. 
[0113] The refractive index of the chip substrate 11 
(made of sapphire) of the LED bare chips 2 is different 
from that of the resin 4 (such as epoxy or silicone resin). 
Due to this difference in refractive index, a portion of the 
light that has been emitted from the light emitting portion 
15 is totally reflected from the light outgoing facet of the 
chip substrate 11. The totally reflected light is directed 
toward the LED bare chip 2 and cannot be used for illu- 
mination purposes. Accordingly, to utilize the produced 
light effectively, it is necessary to minimize this total re- 
flection. 

[0114] In this embodiment, the light outgoing facet of 
the chip substrate 1 1 of each LED bare chip 2 is molded 
into a dome shape, not parallel to the emission plane. 
In this manner, the percentage of the totally reflected 
light to the overall emission from the light emitting por- 
tion 15 is decreased. F IG. 7(a) shows to which direction 
the light goes from the LED bare chip of the present in- 
vention with a domed light outgoing facet. FIG. 7(b) 
shows to which direction the light goes from a compar- 
ative example with a horizontal light outgoing facet. 
[0115] Specifically, if the light outgoing facet is a hor- 
izontal plane, the light impinging onto the periphery has 
a large angle of incidence. Accordingly, an increased 
percentage of the light has an angle of incidence that 
reaches a critical angle (as indicated by B in FIG. 7(b)). 
As a result, the total reflection easily happens. In con- 
trast, if the light outgoing facet is domed, a decreased 
percentage of the light has an angle of incidence that 
reaches the critical angle even around the periphery of 
the light outgoing facet. Consequently, most of the emis- 
sion from the light emitting portion 15 is not totally re- 
flected but radiated away as indicated by A in FIG. 7(a). 
[01 1 6] FIGS. 8(a) and 8(b) show respective results of 
simulations on the luminous flux of the emission of an 
LED bare chip 2 in which the light outgoing facet of the 
chip substrate 11 was molded into a dome shape (i.e., 
an example of the present invention) and on the lumi- 
nous flux of the emission of an LED bare chip 2 in which 
the light outgoing facet of the chip substrate 11 was a 
horizontal plane (i.e., a comparative example). Compar- 
ing the results shown in FIG. 8(a) and 8(b), it can be 
seen that the luminous flux of the upwardly directed 
emission, available for use as illumination, was greater 
in the example of the present invention than in the com- 
parative example. That is to say, the light could be ex- 
tracted more efficiently in the example of the present in- 
vention. The present inventors confirmed via actual 
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measurements that the light-extraction efficiency of the 
example of the present invention was 1 .6 times as high 
as that of the comparative example. 
[01 17] As described above, in the card-type LED illu- 
mination source of the present invention, the light out- 
going facet of the chip substrate 1 1 is domed. Thus, the 
emission can be extracted non-wastefully and can be 
utilized as illumination very efficiently. 
[0118] In the example described above, the light out- 
going facet of the chip substrate 11 is domed. Alterna- 
tively, the facet may have any arbitrary shape as long 
as the shape can minimize the total reflection (i.e., a fac- 
et which is sloped downward from the raised center por- 
tion toward the periphery). For example, either the 
shape shown in FIG. 9(a), in which curved surfaces are 
formed so as to increase its width toward the light emit- 
ting portion 15 as opposed to the example described 
above, orthe shape shown in FIG. 9(b), in which tapered 
surfaces are formed so as to have a constant tilt angle, 
may also be adopted. 

[0119] However, if the sloped surfaces are not curved 
but planar or polygonal, then this effect diminishes. Ac- 
cordingly, the sloped surfaces are preferably domed be- 
cause the effects achieved in that case are as if a lens 
were included in the LED bare chip 2 itself. When the 
LED bare chip 2 functions as a lens by itself, the emis- 
sion of the LED bare chip 2 is concentrated toward the 
front of the lens while the quantity of light to be emitted 
through the side surfaces of the LED bare chip 2 de- 
creases. Thus, an optical system including such an LED 
bare chip 2 should have decreased stray light compo- 
nents. As a result, the optical efficiency of the overall 
card-type LED illumination source increases. 
[0120] The above-described example relates to a 
blue-ray-emitting card-type LED illumination source in- 
cluding the LED bare chips 2, each emitting a blue ray 
from a structure in which GaN semiconductor layers are 
stacked on a sapphire substrate. However, the present 
invention is naturally implementable as a card-type LED 
illumination source including LED bare chips that emit 
red rays, LED bare chips that emit green rays, or LED 
bare chips that emit yellow rays. The present invention 
is also applicable for use in a white-light-emitting card- 
type LED illumination source in which these four types 
of LED elements coexist and which provides either white 
light or light rays in various colors by controlling the mix- 
ture of those light rays in four colors. 
[0121] Examples of alternative embodiments include 
blue-ray-emitting and green (or cyan)«ray-emitting 
LEDs of GaN that have been provided on dissimilar chip 
substrates of SiC and GaN, for example, in that case, 
the chip substrates themselves have some electrical 
conductivity. Accordingly, instead of providing the elec- 
trodes for the n- and p-type semiconductor layers 12 and 
14 that sandwich the active layer 13 between them as 
shown in FIGS. 5(a) and 5(b), the chip substrate itself 
may function as one of the two electrodes. 
[0122] Alternatively, where LED bare chips (or ele- 



ments) of AllnGaP, which radiate yellow (ororange) and 
red emissions, are used, a GaP substrate with a high 
transmittance to the emissions in these colors is prefer- 
ably used as the chip substrate. Then, the same struc- 

5 ture may be adopted as well. 

[01 23] A similar structure may also be used if the light 
emitting portion of an LED bare chip of AllnGaP is wafer- 
bonded to a sapphire substrate with a transparent elec- 
trode or a transparent substrate of glass, for example. 

io [0124] Furthermore, as shown in FIG. 10, a similar 
structure may be adopted as well even if the light emit- 
ting portion 15 of an AllnGaP LED bare chip (element), 
including a metal electrode with an optical opening, is 
metal-bonded (e.g., ultrasonic-welded) to a transparent 

is chip substrate 1 1 such as a sapphire or glass substrate 
including a metal electrode 18 with an optical opening. 
In that case, the wafer bonding portion may have any of 
various planar shapes, some of which are shown in 
FIGS. 11(a) through 11(d). 

20 [0125] As for the AllnGaP LED bare chip, the metal 
electrode with openings on the bare chip may be metal- 
bonded (or wafer-bonded) to the metal electrode with 
openings on the transparent chip substrate 11 before 
the growth substrate is removed from the bare chip. In 

25 that case, the process step of removing the growth sub- 
strate from the LED bare chip is carried out after the 
metal bonding process step has been performed. The 
chip substrate 11 may be shaped either before or after 
the wafer bonding process step and either before or af- 

30 ter the process step of removing the growth substrate 
from the LED bare chip. 

[0126] Optionally, the transparent substrate may also 
be wafer-bonded to the light emitting portion of the LED 
bare chip even with an optically transparent adhesive 
35 means. 

[0127] In the example described above, the surface 
shape of the chip substrate 11 is defined by the sand 
blasting process. Alternatively, the surface shape may 
also be defined either by a water jet process or a selec- 

40 tive chemical etching process. As another alternative, 
optical lenses having a refractive index that is approxi- 
mately equal to that of the LED chip substrate 11 may 
be bonded together. Also, as already described for the 
process step of obtaining the GaN LED bare chips by 

45 machining, the surface shape of the chip substrate 11 
may also be defined by a cutting process that uses dic- 
ing blades with different cutting edges. Optionally, the 
bare chips to be flip-chip bonded that have been sub- 
jected to any of these processes may be included in con- 

so ventional elements such as bullet type elements or 
SMDs. 

[0128] The above-described structure needs no wire 
bonding process, and therefore, contributes to reducing 
the size of the optical system and increasing the effi- 
55 ciency thereof. 

[0129] Even when AllnGaP LEDs are used, the area 
of the LED electrode, which is located closerto the heat- 
dissipating substrate to mount the LED bare chip ther- 
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eon, is preferably increased. Then, the light directed to- 
ward the mounting substrate can be reflected back and 
the light-extraction efficiency can be Increased. 
[0130] It should be noted that the heat-dissipating 
substrate 1 does not have to be the metal base substrate 
such as that shown in FIG. 5(a) or 5(b) but may be a 
metal core substrate, for example. However, when the 
heat-dissipating substrate 1 Is a metal base substrate, 
the lower surface of the substrate is a metal and a me- 
tallic optical reflector may be disposed on the substrate. 
Accordingly, the heat can be dissipated more effectively 
from both the upper and lower surfaces of the substrate. 

EMBODIMENT 3 

[0131] Next, another specific embodiment of a card- 
type LED illumination source according to the present 
invention will be described. 

[0132] First, a card-type LED illumination source ac- 
cording to this embodiment will be described with refer- 
ence to FIG. 12. 

[0133] As shown in FIG. 12, the card-type LED illumi- 
nati on source of this embodiment includes a metal plate 
50, a multilayer circuit board 51, and a metallic optical 
reflector 52. The metal plate 50 and the multilayer circuit 
board 51 together define one "card-type LED illumina- 
tion source". 

[01 34] The metal plate 50 is the base metal of a heat- 
dissipating substrate. The metal plate 50 and the optical 
reflector 52 may be made of aluminum, copper, stain- 
less steel, iron, or an alloy thereof. The materials of the 
metal plate 50 and optical reflector 52 may be different 
from each other. Considering the thermal conductivity, 
copper, aluminum, iron and stainless steel are preferred 
in this order. On the other hand, in view of the thermal 
expansion coefficient, stainless steel, iron, copper and 
aluminum are preferred in this order. An aluminum- 
based material is preferred because such a material is 
easy to handle in an anticorrosion process, for example. 
On the other hand, to minimize the decrease in reliability 
due to the thermal expansion, a stainless steel based 
material is preferably used. 

[0135] The back surface of the metal plate 50 is flat 
and can contact with a flat surface of a member with a 
good thermal conductivity (not shown). 
[0136] If the metal plate 50 is subjected to an insula- 
tion treatment such as electrolytic polishing, aluminiza- 
tion processing, electroless plating or electrolytic depo- 
sition, even direct contact of the metal plate 50 with the 
conductive line pattern will not create electrical short- 
circuit. 

[0137] It should be noted that at least portions of the 
surface of the metal plate 50, which should reflect the 
light that has been radiated from the LED bare chips, 
are preferably subjected to a process to increase the 
reflectivity. Examples of such processes to increase the 
reflectivity include the process of increasing the reflec- 
tivity by stacking multiple material layers with different 



refractive indices and the process of increasing the mir- 
ror reflection of the surface of the metal plate 50. 
[0138] As in the second embodiment, the multilayer 
circuit board 51 has a two-layer structure including first 

5 and second insulating layers, each of which is made of 
a mixture of an inorganic filler and a resin composition. 
Lower-level conductive lines are provided between the 
first and second insulating layers and upper-level con- 
ductive lines are provided on the second insulating lay- 

10 er. The upper- and lower-level conductive lines are elec- 
trically connected together by way of via metals that are 
provided through the second insulating layer. 
[0139] If the holes of the optical reflector 52 are filled 
with an LED encapsulating resin, then concave or con- 

15 vex lenses may be made of the resin. Alternatively, the 
holes may be filled with the resin to planarizethe surface 
of the optical reflector 52. However, since the area of 
the optical reflector 52 is smaller than that of the multi- 
layer circuit board 51, the optical reflector 52 may be 

20 molded with a resin in its entirety. If the optical reflector 

50 is completely covered with the resin, then the LED 
bare chips can be encapsulated more tightly. 

[0140] As shown in FIG. 13, the connector to be pro- 
vided on the illumination apparatus may include: a body 

25 55 with a guide portion for sliding and guiding the card- 
type LED illumination source thereon; multiple connec- 
tor electrodes 56 to be electrically connected to the card- 
type LED illumination source; a metal plate (or bottom 
plate) 57 with a good thermal conductivity; and intercon- 

30 necting cords 58 for connecting the connector elec- 
trodes to a circuit such as a lighting drive circuit. 
[0141] When inserted into this connector, the card- 
type LED illumination source has its feeder terminals 54 
contacted with, and connected to, their associated con- 

35 nector electrodes 56. To improve the heat dissipation 
performance, when the card-type LED illumination 
source is inserted into this connector, all or part of the 
back surface of the metal plate 50 preferably contacts 
thermally with the metal plate 57 of the connector. 

40 [0142] In this embodiment, the feeder terminals 54 
are arranged and collected along just one of the four 
sides of the upper surface of the multilayer circuit board 

51 as shown in FIG. 12. Accordingly, the card-type LED 
illumination source is inserted into the connector by be- 

45 ing pushed in the direction indicated by the arrow A in 
FIG. 12. 

[0143] As can be seen from FIG. 12, the size of the 
multilayer circuit board 51 is greater than that of the op- 
tical reflector 52 by the area of the region in which the 

so feeder terminals 54 are provided. Accordingly, in this 
embodiment, the (optical) center of the region in which 
the LED bare chips 53 are arranged in matrix (i.e., light 
outgoing region or LED cluster region) does not corre- 
spond with the center of the substrate. Therefore, the 

55 center of the bending stress on the card-type LED illu- 
mination source does not correspond with the center of 
the brittle optical system, thus increasing the mechani- 
cal strength. Also, since the feeder terminals 54 arecol- 
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lected along one end of the substrate, the other ends of 
the upper surface of the multilayer circuit board 51 , cor- 
responding to the three other sides, do not have to be 
completely fitted with the inside surfaces of the connec- 
tor. As a result, the card-type LED illumination source 
may be designed more freely in respect of the shape, 
for example. 

[0144] By appropriately setting the size of the multi- 
layer circuit board 51 (and the metal plate 50) in the 
length direction (i.e., the size of its two sides that are 
parallel to the arrowed direction A), the optical center 
may be shifted to any location arbitrarily. 
[0145] The optical reflector 52 basically has the same 
structure as the optical reflector 3 shown in FIG. 4(a), 
and has the same number of openings as that of the 
LED bare chips 53 to be arranged. The openings of the 
optical reflector52 are preferably filled with resin lenses, 
with which the LED bare chips 53 are encapsulated. 
Thus, the LED bare chips 53 can be connected to the 
multilayer circuit board 51 more tightly. If the connection 
between the LED bare chips 53 and the multilayer circuit 
board 51 is consolidated in this manner, then screw 
holes may be provided through the card body of the 
card-type LED illumination source or portions of the edg- 
es of the card-type substrate may have screwing re- 
cesses to screw the card-type LED illumination source 
onto a heat-dissipating member. 
[0146] The configuration of the card-type LED illumi- 
nation source of this embodiment will be described in 
further detail with reference to FIGS. 14(a) and 14(b). 
FIG. 14(a) shows an LED bare chip 53 that has been 
flip-chip bonded with its active layer turned facedown. 
In this embodiment, one of multiple different bonding 
methods is adopted according to the type of each LED 
bare chip 53 as will be described later. 
[0147] The LED bare chip 53 has been mounted so 
as to be connected to the conductive line patterns 59 of 
the multilayer circuit board 51 and fixed on the multilayer 
circuit board 51 . After the LED bare ch ips 53 have been 
mounted on the multilayer circuit board 51 , the metallic 
optical reflector 52 is bonded onto the multilayer circuit 
board 51 . 

[0148] The multilayer circuit board 51 includes the 
two-layer conductive line patterns 59. Specifically, the 
conductive line patterns 59 belongi ng to two different 
layers are interconnected together by via metals 63. The 
conductive line pattern 59 on the uppermost layer is con- 
nected to the electrodes of the LED bare chip 53 by way 
of Au bumps 61. The conductive line patterns 59 may 
be made of copper, nickel, aluminum or an alloy mainly 
composed of these metals, 

[0149] As described above, such a multilayer circuit 
board 51 includes insulating layers, each of which is 
made of a mixture of a resin composition and an inor- 
ganic filler with electrical insulating property. This mix- 
ture preferably includes a thermosetting resin. By ap- 
propriately selecting the types and quantities of the resin 
composition and inorganic filler that make up the insu- 
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lating layer, the thermal conductivity, linear expansivity 
and dielectric constant of the insulating layer are adjust- 
able. The insulating layer preferably has a thermal con- 
ductivity of 1 W/m • K to 10 W/m • K and is preferably 
5 white. If such a white insulating layer is adopted, then 
visible radiation is reflected by exposed portions of the 
insulating layer at a higher reflectivity and the optical ef- 
ficiency is further improved. 

[0150] As the inorganic filler, at least one filler is pref- 

10 erably selected from the group consisting of A^C^, 
MgO, BN, Si0 2 , SiC, Si 3 N 4 and AIN with excellent ther- 
mal conductivities. The mean particle size of the inor- 
ganic filler is preferably within the range of 0.1 pm to 1 00 
pm. This is because if the mean particle size is out of 

15 this range, the fill density of the filler or the heat dissi- 
pation performance of the substrate will decrease. 
[0151] As the thermosetting resin, at least one resin 
is preferably selected from the group consisting of epoxy 
resin, phenol resin and cyanate resin. This is because 

20 the electrical insulating property, mechanical strength 
and heat resistance of each of these resins cured are 
superior to those of any other cured resin. If necessary, 
the resin composition may further include an additive 
such as coupling agent, dispersing agent, coloring 

25 agent or release agent. 

[0152] A sample card-type LED illumination source 
was modeled by a method in which two sheets, each 
having a thickness of 1 60 u.m and made of a composite 
material of an alumina filler, were used and in which a 

30 multilayer circuit board, including two insulating layers 
with a total thickness of 320 u.m, was prepared and 
bonded onto a metal base of aluminum. When LED bare 
chips were directly mounted on the two-layered alumina 
composite substrate on the metal base of aluminum, the 

35 thermal resistance between the LED bare chips and the 
base metal measured about 1 °C/W. 
[0153] Suppose the heat should be dissipated natu- 
rally from this sample by a heat sink in no wind condition 
and 64 LED bare chips with sizes of about 0.3 mm 

40 square should be driven at 40 mA, which is a current 
twice as much as a rated current and which has a current 
density of about 444 mA/mm 2 . In that case, to maintain 
the temperature of the LED bare chips at about 80 °C, 
the heat sink needs to have a surface area of about 300 

45 cm 2 . Also, if the LED bare chips are operated with such 
a large current in a natural air cooling condition, then 
the thermal resistance between the LED bare chips and 
the base metal needs to be about 10 °C/W or less. 
[0154] In natural air cooling, the temperature of the 

so LED bare chips should not exceed the range of 80 °C 
to 120 °C. This is because the resin encapsulant (i.e., 
epoxy or silicone resin) of the LED bare chips would sig- 
nificantly deteriorate thermally and optically at a temper- 
ature exceeding that range. 

55 [0155] If the thermal resistance is about 5 °C/W or 
less, even a heat sink with a normal finite area, not the 
heat sink with an ideal big area, should realize sufficient 
heat dissipation in the natural air cooling condition. Fur- 
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thermore, if the thermal resistance is about 2 °C/W to 
about 1 °C/W or less, even a small-sized heat sink 
should realize sufficient heat dissipation. 
[0156] A system with a thermal resistance of 1 °C/W 
or less is also realizable either by reducing the thickness s 
of the insulating layers or by using insulating layers of a 
boron-based composite material with a thermal conduc- 
tivity of about 3 W/mK to about 5 W/mk instead of the 
alumina composite insulating layers with a thermal con- 
ductivity of about 2 W/mK to about 4 W/mK. In that case, to 
similar effects are also achievable even if the area of the 
heat sink is fu rther reduced. 

[0157] Furthermore, even when silica composite in- 
sulating layers with a thermal conductivity of 1 W-mKto 
2.5 W-mK are used, a thermal resistance falling within *s 
the above-specified range is also realizable by making 
the insulating layers thinner than insulating layers with 
a higher thermal conductivity. 

[0158] Each of the conductive line patterns 59 of the 
multilayer circuit board 51 may be defined by forming a 20 
conductive line pattern on a release carrier such as an 
organic film and then transferring the conductive line 
pattern from the release carrier onto the insulating layer. 
The conductive line pattern may be formed on the re- 
lease carrier by bonding a metal foil (e.g., copper foil) 25 
onto the release carrier with an adhesive, for example, 
depositing a metal film on the metal foil by an electrolytic 
or electroless plating technique, and then patterning the 
metal film by a chemical etching process. However, if 
the conductive line pattern is made of the metal foil, the 30 
surface of the insulating layer is preferably roughened 
to increase the adhesive strength of the metal foil. 
[01 59] The conductive line pattern 59 may be formed 
by any other method. Also, the conductive line pattern 
59 may be either inlaid in the insulating layer or adhered 35 
to the flat surface of the insulating layer. The via metals 
63 to conductive line together the conductive line pat- 
terns 59 belonging to mutually different layers may be 
formed by plating the inner surface of holes (i.e., via 
holes or through holes) that have been provided through *o 
the insulating layer or by filling the holes with a conduc- 
tive resin composition. 

[0160] The upper surface of the multilayer circuit 
board 51 with such a structure is mostly covered with 
the optical reflector 52 but is also partially exposed. The 45 
feeder terminals 54 are provided on the exposed region 
on the multilayer circuit board 51. These feeder termi- 
nals 54 are electrically connected to the lighting drive 
circuit of the illumination apparatus by way of the con- 
nector, into which the card-type LED illumination source so 
is inserted. 

[0161] An underfill (or stress relaxing layer) 60 is pro- 
vided between the optical reflector 52 and the multilayer 
circuit board 51. The underfill 60 not only relaxes the 
stress to be caused by the difference in thermal expan- 55 
sion coefficient between the metallic optical reflector 52 
and the multilayer circuit board 51 but also ensures elec- 
trical insulation between the optical reflector 52 and the 
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upper-level conductive lines on the multilayer circuit 
board 51 . 

[0162] All of the optical reflector 3 is preferably made 
of a metal. By sandwiching the insulating layers as the 
substrate (which will be herein referred to as a "sub- 
strate insulating layers") between the substrate base 
metal and the metallic reflector, heat can be dissipated 
from both sides of the substrate. In addition, the heat at 
the mounting side of the LEDs, heat-generating bodies, 
can be uniformly distributed from the center portion to- 
ward the peripheral portions. Secondary effects of min- 
imizing the warpage of the two metal plates from both 
sides of the substrate insulating layer are also expected 
as well. 

[0163] Furthermore, if the substrate insulating layers 
are made of a composite material including a resin com- 
position and an inorganic filler, then the elasticity of such 
a composite material can relax the stress to be placed 
on the two metal plates. As a result, the illumination ap- 
paratus to be kept ON at an elevated temperature to 
supply high power can have its reliability increased. 
[0164] Also, to further relax the stress and further in- 
crease the reliability, the stress relaxing layer to be pro- 
vided between the optical reflector and the substrate in- 
sulating layers needs to be made of a material that is 
different from those of the optical reflector and insulating 
layers. A gap may be created between the insulating lay- 
er and the optical reflector by providing either bumps on 
the conductive lines on the insulating layer or lands for 
bumps in addition to the conductive lines. The gap may 
be filled with either the underfill or the resin (i.e., epoxy 
or silicone resin) to mold the LEDs. Even so, the stress 
may also be relaxed. If such stress relaxing means is 
provided, unintentional turn OFF or decrease in reliabil- 
ity is avoidable even under a strict condition that stress 
is applied due to the thermal shock of a flashing test. 
[0165] The openings of the optical reflector 52 are 
closed with lenses that have been made of a molded 
resin 62. To improve the heat dissipation performance, 
the optical reflector 52 is preferably a metal plate of alu- 
minum, for example. However, a plate made of any other 
insulating material may also be used. In that case, at 
least portion (preferably all) of the inner sidewall of the 
openings is preferably coated with a reflective film that 
is made of a material having a higher reflectivity than 
that of the insulating plate, e.g., a metal such as Ni, Al, 
Pt, Agor Al or an alloy mainly composed of these metals. 
Then, the light that has been emitted sideward from the 
LEDs is appropriately reflected by the reflective film. As 
a result, the optical efficiency can be increased. 
[0166] The backing metal plate 50 does not have to 
be made of aluminum but may also be made of copper. 
The back surface of the metal plate 50 is preferably flat 
so as to contact with a good thermal conductor provided 
for the connector, for example, and thereby improve the 
heat dissipation performance. However, fins or linearly 
embossed portions may be provided on portions of the 
back surface for heat dissipation purposes. In that case, 
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embossed portions to engage with the fins or linearly 
embossed portions are preferably provided on the sur- 
face of the member that will contact with the back sur- 
face of the metal plate 50. In the configuration in which 
the card-type LED illumination source is slid and con- 
nected to the connector, those fins or linearly embossed 
portions to be provided on the back surface of the metal 
plate preferably extend in the sliding direction so as not 
to interfere with the sliding movement. Then, the fins or 
linearly embossed portions themselves function as 
guides and the area of contact can be increased advan- 
tageously. 

[0167] To increase the thermal contact between the 
thermal conductor member and the card-type LED illu- 
mination source, a mechanism for pressing the thermal 
conductor member onto the card-type LED illumination 
source is preferably adopted. Such pressure may be ap- 
plied by feeder terminals with some elasticity. However, 
to obtain a sufficient pressure from such feeder termi- 
nals alone, the feeder terminals need to have rather 
strong elasticity. If a mechanical pressure to be applied 
to achieve electrical contact with the feeder terminals is 
about 50 g to about 100 g per terminal, then pressing 
means for applying a stronger pressure is preferably 
provided additionally. As such pressing means, an elas- 
tic member for applying a pressure of 200 g or more to 
portions of the card-type LED illumination source other 
than the feeder terminals thereof may be provided. A 
number of such pressing means may be provided as 
well. 

[0168] If such pressing means is provided, then the 
mechanical pressure to be applied to the feeder termi- 
nals does not have to be so high. Thus, the card-type 
LED illumination source can be easily inserted or re- 
moved manually with human fingers. That is to say, after 
having fitted the card-type LED illumination source into 
the connector of the LED illumination apparatus, the us- 
er can press the back surface of the substrate of the 
card-type LED illumination source onto the thermal con- 
ductor member strongly with the pressing means. As a 
result of such high pressure, the card-type LED illumi- 
nation source is locked onto the LED illumination appa- 
ratus so to speak, and will not drop down from the ap- 
paratus accidentally. 

[0169] FIG. 14(b) illustrates a cross section of one 
end of the card-type LED illumination source that is con- 
nected to the connector. In FIG. 14(b), the connector is 
indicated by the dashed lines, it should be noted that 
the card-type LED illumination source shown in FIG. 14 
(b) is illustrated as being thinner than the counterpart 
shown in FIG. 14(a) for convenience sake. 
[0170] As can be seen from FIG. 14(b), the feeder ter- 
minal 54 is provided on the end of the multilayer circuit 
board 51 so as to be located near the connector, and is 
electrically connected to the conductive line pattern 59 
either directly or through the via metals. The region of 
the multilayer circuit board 51, on which the feeder ter- 
minal 54 is located, is not covered with the optical re- 



flector 52. Thus, the connector electrode 56 can easily 
contact with the feeder terminal 54. 
[0171] The connector electrode 56 and feeder termi- 
nal 54 can be easily connected or disconnected electri- 

s cally by inserting or removing the card-type LED illumi- 
nation source into/from the connector. If a switch that 
senses the insertion or removal of the card-type LED 
illumination source is provided near the end of the con- 
nector, at which the card-type LED illuminati on source 

10 arrives when inserted, such that current is blocked while 
no card-type LED illumination source is inserted, then 
safety increases. In that case, such a switch may be pro- 
vided under, beside or over the card. 
[0172] In FIG. 13, the connector electrodes 56 are il- 

15 lustrated as being visible externally. However, actual 
connector electrodes 56 are preferably designed such 
that the user cannot lay his or her fingers on the elec- 
trodes 56 as shown in FIG. 14(b). 
[0173] In this embodiment, four types of LED bare 

20 chips, each consisting of 16 LED bare chips that emit 
red (R), green (G), blue (B) or yellow (Y) light ray, are 
arranged on the same substrate. The dimensions of the 
substrate include a longer-side length of 28.5 mm, a 
shorter-side length of 23.5 mm and a thickness of 1 .3 

25 mm. The rectangular region on which the 64 LED bare 
chips are arranged has dimensions of 20 mm by 20 mm 
by 1 mm (thickness). In this example, the region on 
which the LEDs are arranged (i.e., the region where the 
reflector is present) is about 2 cm square. This area of 

30 the light emitting portion is approximately equalized with 
the bulb sizes of normal low-watt small-sized light bulbs 
(e.g., small spherical light bulbs or mini krypton lamps) 
such that the LED illumination source can replace any 
of these existent low-watt light bulbs. A small spherical 

35 light bulb can obtain a total luminous flux of about 20 Im 
to about 50 Im at a power of about 5 W to about 1 0 W. 
On the other hand, a mini krypton lamp can obtain a total 
luminous flux of about 250 Im to about 500 Im at a power 
of about 22 W to about 38 W. 

40 [0174] According to the results of experiments the 
present inventors carried out, in an embodiment in 
which white-light-emitting LEDs were operated at room 
temperature (25 °C) in natural air cooling condition, a 
luminous flux of about 100 Im to about 300 Im was ob- 

45 tained and approximately the same quantity of light was 
obtained from a light emitting portion having sizes sub- 
stantially equal to those of a small-sized light bulb. Also, 
if the card-type LED illumination source is packaged in 
a casing having sizes corresponding to those of a beam 

so light bulb so as to have a diameter not exceeding that 
of a beam type dichroic halogen lamp and if the center 
of the light outgoing region with the reflector (i.e., the 
light emitting region) is aligned with the center of the op- 
tical axis of the light bulb, then the distance from the 

55 center of the light emitting portion to the end of the longer 
side of the substantially square card (i.e., the side on 
which the feeder terminals are provided) is: 
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about 13 mm when the diameter is 35 mm; 
about 15 mm when the diameter is 40 mm; or 
about 23 mm when the diameter is 50 mm. 

[0175] The periphery of the substrate preferably has 
flat portions that can contact with the guide portions. Al- 
so, to mold the entire reflectorwith a resin, the periphery 
of the substrate preferably has regions on which no 
LEDs are provided. Such regions are provided on both 
sides of the light outgoing region having sizes of about 
2 cm square. Each of those regions preferably has a 
width of 1 mm to 3 mm. To increase the size of these 
regions (or margins), the distance from the center of the 
light emitting portion to the end facet needs to be de- 
creased. 

[0176] If the card-type LED illumination source is used 
either by inserting it or by placing and then pressing it 
and if the card-type LED illumination source is used both 
as a luminaire and as a lamp, then the feeder terminals 
are preferably provided on just one surface of the card- 
type LED illumination source to make the illumination 
source compatible with any of various insertion/removal 
methods. More preferably, the card-type LED illumina- 
tion source is disposed such that the center of the mirror 
reflector (or the light outgoing region) is shifted from the 
geometric center of the substrate. 
[0177] To get the heat dissipated effectively from the 
back surface of the substrate of the card-type LED illu- 
mination source, the feeder terminals are preferably col- 
lected together on the light outgoing side of the sub- 
strate. Furthermore, to ensure thermal contact between 
the back surface of the substrate and the thermal con- 
ductor member (i.e., the heat-dissipating means) in a 
broad area, the card-type LED illumination source is 
preferably pressed not only by the feeder terminals but 
also by other pressing means. To get the illumination 
source pressed by such means, margins are preferably 
provided on the principal surface of the substrate for that 
purpose. 

[01 78] The distance from the center of the light emit- 
ting portion to the end facet of the substrate with no feed- 
er terminals may be shorter than the distance from the 
center of the light emitting portion to the end facet with 
the feeder terminals. The former distance may be equal- 
ized with the width of the margins to be provided on both 
sides of the light outgoing region. In that case, if four 
card-type LED illumination sources are densely ar- 
ranged such that the two sides of each of the illumination 
sources are in contact with those of two other illumina- 
tion sources, the gaps between the mirror reflectors (i. 
e., light outgoing regions) can be equalized with each 
other and can be as short as possible. 
[0179] In view of these considerations, the present in- 
ventors modeled a sample card-type LED illumination 
source in which the distance from the center of the light 
outgoing region (i.e., the center of the light emitting por- 
tion) to the end facet of the substrate (i.e., the end facet 
with the feeder terminals) was about 16.5 mm and in 



which the distance from the center of the light emitting 
portion to the opposite end facet of the substrate (oppo- 
site to the feeder terminal side) was about 12 mm. By 
providing a sufficiently wide space on the side opposite 
5 to the feeder terminals, via connection with the lower- 
level conductive line pattern layer is realized outside of 
the reflector (or the light outgoing region), i.e., on the 
margin of the substrate. If that portion has a single-layer 
structure locally, then electrical connection is also real- 
10 ized without using via metals, e.g., by wi ring the upper 
and lower layers together. Conversely, the other side 
with the feeder terminals may also have such a single- 
layer structure locally. Also, the number of layers pro- 
vided may be further increased on just portions of the 
« substrate to design conductive line jumpers more freely. 
In that case, the margins described above become ef- 
fective spaces. 

[0180] In this embodiment, the feeder terminals are 
designed so as to have a substantially rectangular 

20 shape and have a width of 0.8 mm, a length of 2.5 mm 
and a pitch of 1 .25 mm (i.e., distance between the cent- 
ers of two adjacent feeder terminals) in view of mechan- 
ical errors to be caused when the feeder terminals are 
contacted with the connector electrodes or the manu- 

25 facturing errors of the via metals. To maximize the 
number of independent circuits to be provided on the 
substrate of the card-type LED illumination source, the 
number of feeder terminals is preferably as large as pos- 
sible. In the exemplary configuration of this embodi- 

30 ment, 1 6 feeder terminals may be provided. 

[0181] Where the number of anode electrodes to be 
provided is equalized with that of cathode electrodes to 
be provided to drive the LEDs with a constant current 
supplied, the feeder terminals may be allocated to the 

35 LEDs that emit blue, green (or cyan), yellow (or orange), 
red and white rays and six supplementary terminals (for 
three paths) may be provided. 
[0182] In this embodiment, to ensure a minimum in- 
sulation distance between the feeder terminals and the 

40 metal base substrate, the distance from the edge of the 
feeder terminals to the end facet of the substrate is de- 
fined to be at least 2 mm. To further increase this elec- 
trical insulation, the gap between the feeder terminals 
may have a three-dimensional shape, not a planar 
45 shape. That is to say, a rib may be formed by the insu- 
lating layer. 

[0183] FIG. 15 illustrates an equivalent circuit show- 
ing how 64 LED bare chips, provided for a single card- 
type LED illumination source, maybe interconnected to- 
so gether. In FIG. 15, R (+) denotes the anode side of red- 
ray-emitting LED bare chips while R (-) denotes the 
cathode side of the red-ray-emitti ng LED bare chips. 
The same statement is applicable to the other colors (Y, 
G and B). 

55 [0184] FIG. 16 is a block diagram showing an exem- 
plary configuration for an LED lighting drive circuit. In 
the exemplary configuration shown in FIG. 16, the light- 
ing drive circuit 70 of a card-type LED illumination 
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source includes a rectifying and smoothing circuit 71 , a 
voltage step-down circuit 72 and constant current cir- 
cuits 73. The rectifying and smoothing circuit 71 is a 
known circuit, which is connected to an AC power supply 
of 100 V and which converts an alternating current into 
a direct current. It should be noted that the power supply 
does not have to be AC 100 V but may be a DC power 
supply. When a DC power supply is adopted, the recti- 
fying and smoothing circuit 71, which is a combination 
of a smoothing circuit and voltage step-down circuit, 
may be replaced with a voltage transformer (i.e. , voltage 
step-down and step- up transformer). 
[0185] The voltage step-down circuit 72 decreases 
the DC voltage to an appropriate voltage to make the 
LEDs emit light (e.g. , 1 8 V). The constant current circuits 
73 include blue, green, yellow and red LED controlling 
constant current circuits. Each of these LED controlling 
constant current circuits adjusts the current to be sup- 
plied to a group of LEDs 76 in its associated color in the 
card-type LED illumination source 75 to a constant val- 
ue. The constant current circuits 73 may be electrically 
connected to the groups of LEDs 76 by fitting the card- 
type LED illumination source 75 in the connector of the 
illumination apparatus. More specifically, the electrical 
continuity is realized by bringing the feeder terminals, 
provided on the substrate of the card-type LED illumi- 
nation source 75, into contact with their associated feed- 
er terminals inside the connector. 
[0186] Such a lighting drive circuit 70 includes an 
electrolytic capacitor as a circuit component thereof. If 
the temperature of the electrolytic capacitor reaches 
about 100 °C, its life shortens significantly. For that rea- 
son, the temperature near the electrolytic capacitor 
should be sufficiently lower than 100 °C. In this embod- 
iment, the heat generated in the card-type LED illumi- 
nation source 75 is dissipated by the heat-dissipating 
means by way of the metal plate of the card-type LED 
illumination source 75 and then the heat-dissipating 
member of the illumination apparatus. Accordingly, the 
temperatu re near the electrolytic capacitor of the I ighting 
drive circuit is maintained at about 80 °C or less. As a 
result, the life of the lighting drive ci rcuit can also be 
extended. 

[0187] In this embodiment, the groups of LEDs 76 for 
the colors blue, green (or cyan), yellow (or orange) and 
red are driven with a constant current supplied thereto, 
and therefore, applied with a ground potential separate- 
ly. Accordingly, the number of feeder terminals to be pro- 
vided for the card-type LED illumination source 75 of this 
embodiment is eight. Half of the eight feeder terminals 
function as anode electrodes while the other half func- 
tions as cathode electrodes. 

[0188] Hereinafter, multilevel conductive line patterns 
for the card-type LED illumination source of this embod- 
iment will be described with reference to FIGS. 17 and 
1 8. Specifically, FIG. 1 7 illustrates a layout for the upper- 
level conductive line pattern of the multilayer circuit 
board, while FIG. 18 illustrates a layout for the lower- 
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level conductive line pattern thereof. 
[0189] In FIGS. 17 and 18, small circular regions 79 
shown on the conductive lines 78 indicate the locations 
of the via metals to interconnect the upper- and lower- 

s level conductive line patterns together. In FIGS, 17 and 
18, the reference numerals 78 and 79 each identify just 
one member for the sake of simplicity. However, it 
should be naturally understood that a large number of 
conductive lines and a large number of via metals are 

10 actually provided. 

[0190] The LED bare chips are mounted on regions 
85a and 85b, for example, which are indicated as rep- 
resentative ones by the dashed lines in FIG. 17. FIGS. 
19(a) and 19(b) respectively show the regions 85a and 

15 85b on a larger scale. On the portion shown in FIG. 19 
(a), the LED bare chip is flip-chip (FC) bonded. On the 
portion shown in FIG. 19(b) on the other hand, the LED 
bare chip is wire-bonded (WB bonded). FIG. 19(c) 
shows a cross section of the FC-bonded LED bare chip, 

20 while FIG. 19(d) shows a cross section of the WB-bond- 
ed LED bare chip. 

[01 91 ] In this embodiment, the LED bare chips to emit 
blue or green (or cyan) light are FC bonded and the LED 
bare chips to emit yellow (or orange) or red light are WB 
25 bonded. 

[0192] In an LED bare chip (or element) to emit the 
red or yellow (or orange) light (i.e., light with a relatively 
long wavelength), its multilayer structure, including a 
light-emitting layer, is normally formed on a GaAs sub- 
30 strate. The GaAs substrate cannot transmit the red or 
yellow light easily, and therefore, is disposed under the 
light-emitting layer. Accordingly, such an LED bare chip 
cannot be bonded facedown. 

[0193] In the FC bonded structure shown in FIG. 19 

35 (c) on the other hand, n and p electrodes are disposed 
so as to face the light-emitting layer of the LED bare 
chip, and are connected to the conductive lines (i.e. , the 
upper-level conductive lines) on the multilayer circuit 
board by way of Au bumps. 

40 [01 94] In this embodiment, the conductive line pattern 
on the substrate is formed by plating a copper foil with 
nickel a nd then further plating the nickel with gold, By 
setting the thickness of the copper foil to 35 urn or less, 
a partially fine pattern with a lateral size of 50 urn or less, 

^5 which is required in a flip-chip bonding process, is ob- 
tained. If such a partially fine pattern is formed, the gap 
between the electrodes can be shortened locally in por- 
tions to be flip-chip bonded with a large line-and-space 
value maintained over the entire substrate as defined 

so by the pattern design rule. As a result, the conductive 
line pattern can be defined efficiently and the production 
yield of the substrates increases. 
[0195] Also, since the conductive line pattern should 
be provided discretely on the substrate, the conductive 

55 line pattern was formed by an electroless plating tech- 
nique under some conditions. In a sample, nickel was 
plated to a thickness of about 6 jim and gold to be plated 
thereon was deposited to a thickness of 0.6 urn. By plat- 
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ing gold to a sufficient thickness in this manner, de- 
crease in bond strength, which might be caused due to 
the fusion of gold while the LED bare chip is metal-bond- 
ed to the conductive line pattern, can be com pensated 
for. 

[0196] Optionally, to increase the reflectivity in re- 
gions on which no LED bare chips are mounted, a layer 
or a member, made of a material with a high reflectivity, 
may be provided on the conductive line pattern or on the 
surface of the substrate. 

[0197] On the other hand, in an LED bare chip (or el- 
ement) to emit blue or green (or cyan) light (i.e., light 
with a relatively short wavelength), its multilayer struc- 
ture, including the light emitting layer, is normally pro- 
vided on a sapphire substrate. The sapphire substrate 
transmits the blue or green light, and can be disposed 
at an arbitrary location, i.e., may be located either under 
or over the light-emitting layer. Since the FC bonded 
structure contributes more effectively to increasing the 
density, the blue-ray-em itting LED bare chips and 
green-ray-emitting LED bare chips are FC bonded on 
the substrate in this embodiment. In the WB-bonded 
structure shown in FIG. 19(d), the n and p electrodes 
are provided on the back surface of the substrate and 
closer to the light-emitting layer of the LED bare chip, 
respectively. The p electrode is connected to the con- 
ductive line (i.e., the upper-level conductive line) on the 
multilayer circuit board with a bonding wire. The n elec- 
trode is connected to the conductive line (i.e., upper- 
level conductive line) on the multilayer circuit board with 
a conductive paste, solder, a metal bond, or an aniso- 
tropic conductive adhesive, for example. Optionally, an 
underfill material may also be used as well to consoli- 
date these bonds. 

[0198] It should be noted that the structures and bond- 
ing methods of the LEDs to emit light rays in those colors 
are not limited to those exemplified for the foregoing em- 
bodiment. Optionally, the LEDs on the same su bstrate 
may be all bonded by a single bonding method or by 
three or more bonding methods. In any case, each of 
those LEDs is preferably mounted by the best bonding 
technique to be selected on the specific structure of the 
LED. Also, to increase the reliability of bonding with the 
element, at least the surface of the conductive line pat- 
tern on the substrate is preferably a gold layer. To get 
the element metal-bonded with the gold layer just as in- 
tended, the gold laye r preferably has a thickness of at 
least 0.5 u.m, more preferably 1 u.m or more. 
[01 99] If multiple types of LEDs are arranged on the 
same substrate or if the LEDs are arranged on the same 
substrate by multiple bonding methods, the location of 
the light-emitting layer of one LED may be different from 
that of the light-emitting layer of another LED. Accord- 
ingly, the geometric shape (e.g., focal point or aperture 
ratio) of a lens to be provided for each of those LEDs is 
preferably optimized according to the location of the 
light-emitting layer of the LED or the chromatic aberra- 
tion to be caused depending on the color of the emis- 



sion. 

[0200] The layouts of the conductive lines will be de- 
scribed with reference to FIGS. 17 and 18. 
[0201] The electrodes 80a, 80b, 80c and 80d shown 

5 in FIG. 17 are feeder terminals to supply an anode po- 
tential to the four groups of LEDs to emit red, blue, green 
and yellow light rays, respectively. On the other hand, 
the electrodes 90a, 90b, 90c and 90d are feeder termi- 
nals to supply a cathode potential (i.e., ground potential) 

10 to the four groups of LEDs to emit the red, blue, green 
and yellow light rays, respectively. 
[0202] The electrodes 80a, 80b, 80c and 80d are re- 
spectively connected to the conductive lines 81a, 81b, 
81c and 81 d shown in FIG. 18 by way of via metals. On 

is the other hand, the electrodes 90a, 90b, 90c and 90d 
sh own in FIG. 17 are respectively connected to the con- 
ductive lines 92a, 92b, 92c and 92d shown in FIG. 18 
by way of via metals. 

[0203] A circuit that is substantially equivalent to the 
20 circuit shown in FIG. 15 is realized by the multilayer 
structure shown in FIGS. 17 and 18. However, each of 
the conductive line patterns may naturally have any oth- 
er layout and is not limited to the layout shown in FIG 
17 or 18. 

25 [0204] In this embodiment, the feeder terminals (con- 
sisting of the anode and cathode electrodes) 80a 
through 80d and 90a through 90d are all arranged in 
line in the region shown at the bottom of FIG. 17. In this 
manner, the feeder terminals are collected together near 
30 one side of the substrate, thus making it easier to con- 
nect the card-type LED illumination source to the con- 
nector. The ground lines can also be isolated from each 
other for the respective groups of LEDs to emit light rays 
in multiple different colors and yet the feeder terminals 
35 can be collected together by one side of the substrate. 
This is because the multilayer structure described 
above is adopted in this embodiment. 
[0205] As described above, in this embodiment, no 
feeder terminals are provided on the back surface of the 
40 metal plate of the card-type LED illumination source, 
and the back surface of the metal plate is flat. Accord- 
ingly, a wide area of contact is ensured between this 
metal plate and a member with a good thermal conduc- 
tivity (included in the illumination apparatus). Thus, the 
45 heat can be dissipated away more efficiently from the 
card-type LED illumination source. The area of contact 
is preferably equal to or greater than the area of the re- 
gion in which the LEDs are arranged (i.e., the light out- 
going region or LED cluster region). 
50 [0206] In the embodiment described above, four 
types of LED bare chips to emit light rays with multiple 
different wavelengths are arranged on the same sub- 
strate. However, the present invention is in no way lim- 
ited to this specific preferred embodiment. Thus, the 
55 number of colors of the emissions (or the number of 
wavelength ranges to which those emissions belong) 
may be one, two or three or more than four. Alternatively, 
even an LED bare chip that radiates multiple types of 
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emissions or an LED bare chip to emit white light by add- 
ing a phosphor thereto may also be used. It should be 
noted that unless an LED bare chip to emit white light is 
used, an LED bare chip normally needs to be coated 
with a phosphor for the purpose of emitting white light. 
In that case, if the phosphor is encapsulated in the space 
that is defined by the substrate and the reflector, the 
phosphor can be excited by the LED. Alternatively, a 
sheet on which a phosphor is dispersed may be at- 
tached onto the upper surface of the reflector. As anoth- 
er alternative, the phosphor-dispersed sheet itself and 
the card-type LED light source may be molded together 
with a transparent resin material. 

EMBODIMENT 4 

[0207] Hereinafter, various specific embodiments of 
LED illumination apparatuses according to the present 
invention will be described with reference to FIGS. 20 
through 31. 

[0208] First, referring to FIG. 20, illustrated is a light 
bulb type LED illumination apparatus. This LED illumi- 
nation apparatus basically has the same configuration 
as the LED illumination apparatus shown in FIG. 3(b), 
but is different from the counterpart shown in FIG. 3(b) 
in the method of introducing the card-type LED illumina- 
tion source into the illumination apparatus. Specifically, 
the LED illumination apparatus shown in FIG. 20 is used 
as a combination of the body 96 of the illumination ap- 
paratus and a transparent housing 97. To remove the 
card-type LED illumination source 95, the transparent 
housing 97 should be temporarily taken off the body 96. 
A receiving portion 98, in which the card-type LED illu- 
mination source 96 is fitted, is provided on the upper 
surface of the body 96. The body 96 further includes a 
fixing lid 99, which is used to press the upper surface of 
the card-type LED illumination source 96 that has been 
fitted in the receiving portion 98 and to fix the illumination 
source 96 onto the receiving portion 98. The fixing lid 
99 is supported so as to rotate (i.e., open and close) 
around a shaft that is provided near one end thereof, 
and includes connector electrodes 99a to contact with 
the feeder terminals 95a on the card-type LED illumina- 
tion source 95. These connector electrodes 99a are 
connected to a lighting drive circuit (not shown) that is 
provided inside the body 96. When combined, the fixing 
lid 99 and the receiving portion 98 together function as 
a sort of "connector". 

[0209] The fixing lid 99 has such a structure as expos- 
ing the light outgoing region of the card-type LED illumi- 
nation source 95 that is stored in the receiving portion 
98 while pressi ng the feeder terminals 95a and other 
portions downward. When the fixing lid 99 is dosed, the 
back surface of the substrate of the card-type LED illu- 
mination source 95 thermally contacts with the bottom 
of the receiving portion 98. The bottom of the receiving 
portion 98 is preferably made of a material with a good 
thermal conductivity (e.g., a metal material such as alu- 
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minum). Such a good thermal conductor functions as a 
heat sink, which can dissipate the heat that has been 
generated in the card-type LED illumination source 95 
and can prevent an excessive rise in temperature of the 

s illumination source 95. 

[0210] In a preferred embodiment, this illumination 
apparatus is constructed such that the transparent 
housing 97 can be easily removed, and the fixing lid 99 
can be easily opened and closed, with the user's hands 

10 or fingers and without using any special tool. Thus, the 
card-type LED illumination source 95 can be easily re- 
placed (i.e., inserted or removed). The transparent 
housing 97 may have a light diffusing property. Also, the 
transparent housing 97 may be replaced with another 

15 housing 97a that is made of a colorant, a phosphor or a 
phosphor. Alternatively, a lenticular lens 97b or a light 
diffusing housing 97c may also be used. As another al- 
ternative, a double lens, a reflector, or a housing having 
the functions of these optical members in combination 

20 may also be used. 

[021 1 ] Just one card-type LED illumination source 95 
is supposed to be inserted into, or removed from, the 
illumination apparatus shown in FIG. 20. However, mul- 
tiple card-type LED illumination sources may be insert- 

25 ed into, and removed from, one illumination apparatus. 
FIG. 21 illustrates another light bulb type LED illumina- 
tion apparatus, in which multiple card-type LED illumi- 
nation sources are fitted. The card-type LED illumination 
sources are pressed down and fixed by a pair of open- 

30 able/closable fixing lids. 

[0212] FIGS. 20 and 21 illustrate LED illumination ap- 
paratuses that can replace a light bulb type lamp. How- 
ever, an LED illumination apparatus to replace a 
straight-tube fluorescent lamp or a circular-tube fluores- 

35 cent lamp may also be realized by using the card-type 
LED illumination sources of the present invention. If an 
LED illumination apparatus is made in a shape similar 
to the conventional straight-tube fluorescent lamp or cir- 
cular-tube fluorescent lamp, then an LED illumination 

40 apparatus according to the present invention may be 
used in an existent appliance in place of the convention- 
al straight-tube or circular-tube fluorescent lamp. 
[0213] FIG. 22 illustrates a desk lamp type LED illu- 
mination apparatus. The body 96 of the illumination ap- 

« paratus shown in FIG. 22 also includes a receiving por- 
tion 98 to store the card-type LED illumination source 
95 therein. This receiving portion 98 includes a guide 
that can be used to slide and guide the card-type LED 
illumination source 95 thereon. The card-type LED illu- 

50 mination source 95 may be inserted into the receiving 
portion 98 of this illumination apparatus with its end in- 
cluding the feeder terminals 95a facing forward. When 
the card-type LED illumination source 95 reaches its 
predetermined position, the connection between the 

55 feeder terminals 95a and the connector electrodes is 
complete. Once fitted, the card-type LED illumination 
source 95 is firmly fixed there due to the frictional force 
and will not drop accidentally. Also, since the back sur- 
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face of the substrate of the card-type LED illumination 
source 95 thermally contacts with the receiving portion 
98, that contact portion is preferably made of a material 
with a good thermal conductivity. 
[0214] Just one card-type LED illumination source 95 
is supposed to be inserted into, or removed from, the 
desk lamp type illumination apparatus shown in FIG. 22. 
However, multiple card-type LED illumination sources 
may be inserted into, and removed from, one illumina- 
tion apparatus. FIG. 23 illustrates another desk lamp 
type LED illumination apparatus, into/from which two 
card-type LED illumination sources are inserted or re- 
moved. 

[0215] FIG. 24 illustrates still another desk lamp type 
LED illumination apparatus. This LED illumination ap- 
paratus adopts a connector of the type shown in FIG. 
21 . That is to say, the card-type LED illumination sourc- 
es are fixed by fixing lids onto the illumination apparatus. 
The user can easily open or dose these fixing lids with 
fingers. 

[0216] FIG. 25 illustrates another LED illumination ap- 
paratus, which is portable as a flashlight or a penlight. 
This illumi nation apparatus includes a slot 100, through 
which the card-type LED illumination source 95 is insert- 
ed or removed. However, the card-type LED illumination 
source 95 may also be inserted or removed without us- 
ing such a slot. The LED illumination apparatus shown 
in FIG. 25 can operate the card-type LED illumination 
source by a dry battery or a storage battery and has a 
portable structure. 

[0217] FIG. 26 illustrates an LED illumination appara- 
tus that can replace a conventional illumination appara- 
tus using a straight-tube fluorescent lamp. The body 101 
of this LED illumination apparatus includes a connector, 
into/from which multiple card-type LED illumination 
sources 95 can be inserted and removed. The card-type 
LED illumination sources 95 are inserted or removed 
through the slot 100 of the body 101. 
[0218] It should be noted that the LED illumination ap- 
paratus shown in FIG. 26 is not supposed to replace a 
straight-tube fluorescent lamp itself but a desk lamp type 
illumination apparatus that uses the straight-tube fluo- 
rescent lamp. 

[0219] FIG. 27 illustrates an LED illumination appara- 
tus, which can replace a conventional ill umination ap- 
paratus that uses a circular-tube fluorescent lamp. The 
body 102 of this LED illumination apparatus includes a 
connector, into/from which multiple card-type LED illu- 
mination sources 95 can be inserted and removed. The 
card-type LED illumination sources 95 are inserted or 
removed through the slots 100 of the body 102. 
[0220] FIG. 28 illustrates a downlight type LED illumi- 
nation apparatus. The LED illumination apparatus of the 
present invention can easily have a reduced thickness, 
and can be easily mounted as a downlight unit on the 
ceiling of a room or an automobile. 
[0221] FIG. 29 illustrates an optical axis shifting type 
LED illumination apparatus. If its portion including the 



card-type LED illumination source fitted in is rotated to 
an arbitrary angle around a particular axis, the light out- 
going direction can be easily changed into any desired 
direction. 

5 [0222] FIG. 30 illustrates a card-type LED illumination 
apparatus. A battery with a reduced thickness such as 
a button battery is adopted, thereby reducing the overall 
thickness of the illumination apparatus itself. Such an 
LED illumination apparatus is thin and lightweight, and 
10 can be easily carried about. 

[0223] FIG. 31 illustrates a keychain type LED illumi- 
nation apparatus. This LED illumination apparatus is al- 
so driven by a battery with a reduced thickness such as 
a button battery, has reduced size and weight, and easy 
is to carry about conveniently. 

[0224] Various specific embodiments of LED illumina- 
tion apparatuses according to the present invention 
have been described with reference to FIGS. 20 through 
31. However, the present invention is in no way limited 
20 to these specific embodiments but may also be imple- 
mented in numerous other ways. 
[0225] As is clear from the foregoing description of 
specific embodiments, if those illumination apparatuses 
are designed such that each single illumination appara- 
25 tus accepts one or multiple card-type LED illumination 
sources, then card-type LED illumination sources of a 
standardized type are easy to popularize. For example, 
the illumination apparatus shown in FIG. 21 is preferably 
designed so as to accept not so much one card-type 
30 LED illumination source with a big area as multiple card- 
type LED illumination sources, any of which is also in- 
sertable and removable into/from the illumination appa- 
ratus shown in FIG. 20. In that case, the card-type LED 
illumination sources can be mass-produced and the 
35 price of a single card-type LED illumination source can 
be decreased easily, which is one of the most important 
effects to achieve. Also, if an applicable card-type LED 
illumination source changes with the type of a specific 
illumination apparatus or the maker who produced it, 
40 such poor compatibility should frustrate the users. For 
that reason, the ma in portions of the card-type LED il- 
lumination source preferably have standardized func- 
tions or sizes. 

[0226] Each of the card-type LED illumination sources 
^5 according to the numerous embodiments described 
above uses LED bare chips that have been mounted 
thereon. Alternatively, a card-type LED illumination 
source including an organic EL film thereo n may also 
be used. Thus, the "insertable/removable card-type 
so LED illumination source including LEDs that have been 
mounted on one surface of a substrate" herein also re- 
fers to a card-type LED illumination source including an 
organic EL film on a heat-dissipating substrate. 
[0227] As described above, the LED illumination ap- 
55 paratus of the present invention uses a card-type LED 
illumination source as an easily insertable/removable 
member, and therefore, has an extended life as an illu- 
mination apparatus and can replace any of the existent 
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illumination apparatuses. A card-type LED illumination 
source having a configuration such as that shown in 
FIG. 12 is preferably used in such an LED illumination 
apparatus. However, card-type LED illumination sourc- 
es for use in the LED illumination apparatus of the 
present invention are in no way limited to the specific 
embodiments described above. 
[0228] Thus, a card-type LED illumination source with 
any of various configurations may be inserted into, and 
removed from, the LED illumination apparatus of the 
present invention. That is to say, the present invention 
is not limited to the specific preferred embodiments of 
card-type LED illumination sources that have been de- 
scribed above with reference to the accompanying 
drawings. 

[0229] Also, the card-type LED illumination source of 
the present invention is applicable for use in not just il- 
lumination apparatuses but also any other type of appa- 
ratus. The insertable/removable card-type LED illumi- 
nation source of the present invention may be used in 
an appliance that should emit as bright light as the illu- 
mination apparatus or in the light source section of any 
other apparatus, for example. 
[0230] It should be noted that instead of mounting 
LED bare chips directly onto a substrate, LED elements 
(preferably of a surface bonded type) , obtained by mold- 
ing LED bare chips, may be bonded onto the substrate. 
In that case, the LED elements molded are fabricated 
separately. Thus, compared to directly mounting LED 
bare chips, the thermal resistance between the sub- 
strate and the LED bare chips increases. However, if the 
substrate has the above-described structure, even the 
substrate with those LED elements mounted exhibits 
better heat dissipation performance than the conven- 
tional one. Consequently, the substrate with the LED el- 
ements integrated thereon can exhibit improved heat 
dissipation performance. 

INDUSTRIAL APPLICABILITY 

[0231] The LED illumination apparatus and card-type 
LED light source of the present invention include: a con- 
nector to be connected to the insertable/removable 
card-type LED light source; and feeder terminals for the 
light source. The LED illumination apparatus further in- 
cludes a lighting drive circuit. The card-type LED light 
source includes a metal base substrate and multiple 
LEDs. The metal base surface, which is the back sur- 
face of the substrate, thermally contacts with a portion 
of the illumination apparatus. 
[0232] In this case, a metal plate with openings, in- 
cluding encapsulating resin lenses and functioning as 
an optical reflector and a heat spreader, is disposed on 
the metal base substrate. The LEDs, as well as the re- 
flector, are encapsulated on the substrate. 
[0233] Furthermore, the LED bare chips are directly 
bonded onto the substrate. The substrate has multiple 
conductive line pattern layers and also has a number of 



feeder terminals along one side of one of its surfaces. 
Also, in a preferred embodiment, the feeder terminals 
have multiple ground electrodes. 
[0234] The LED illumination apparatus of the present 

5 invention uses an insertable/removable card shaped 
structure as its light source portion. Thus, the heat that 
has been generated from respective LED elements of 
the light source can be dissipated much more smoothly. 
In addition, only a light source with its life ended can be 

io replaced with a brand-new light source. Thus, the re- 
maining structure of the illumination apparatus, other 
than the light source, can be used for a long time. 
[0235] The card-type LED illumination source of the 
present invention realizes high-density arrangement of 

15 LED elements, excellent heat dissipation performance, 
and significant increase in the extraction efficiency of the 
light generated at the same time. Thus, card-type LED 
illumination sources can be commercially viable prod- 
ucts. 

20 

Claims 



25 



30 



1 . An LED illumination apparatus comprising: 

at least one connector to be connected to an 
insertable and removable card-type LED illumi- 
nation source, the illumination source including 
multiple LEDs that have been mounted on one 
surface of a substrate; and 
a lighting drive circuit to be electrically connect- 
ed to the card-type LED illumination source by 
way of the connector. 



35 2. The LED illumination apparatus of claim 1 , wherein 
the substrate is a metal base substrate, an insulat- 
ing layer and a conductive line pattern being provid- 
ed on the surface of the metal base substrate such 
that the LEDs are mounted thereon. 

40 

3. The LED illumination apparatus of claim 2, wherein 
the LEDs have been mounted in a bare chip state 
on the substrate. 



45 4. 



50 



The LED illumination apparatus of claim 3, wherein 
feeder terminals are provided at one end of the sur- 
face of the substrate on which the LEDs have been 
mounted, and 

wherein the center of a light outgoing region 
of the substrate, in which the LEDs mounted are lo- 
cated, is shifted from the center of the substrate. 



5. The LED illumination apparatus of claim 4, compris- 
ing a thermal conductor member, the thermal con- 
55 ductor member contacting thermally with the back 
surface of the substrate, on which none of the LEDs 
is mounted, and receiving heat from the back sur- 
face of the substrate. 
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6. 



7. 



10 



12. The LED illumination apparatus of claim 10, com- 
prising a movable mechanism with a fixing portion 
for fixing the card-type LED illumination source onto 
the receiving portion, 

wherein when fixed on the receiving portion, 
the card-type LED illumination source is supplied 
with electrical power from the connector and has the 
back surface of the substrate thereof contact ther- 
mally with the receiving portion. 

13. The LED illumination apparatus of one of claims 1 



15 



20 



The LED illumination apparatus of claim 5, wherein 
the area of a contact portion between the back sur- 
face of the substrate and the thermal conductor 
member is equal to or greater than the area of the 
light outgoing region of the substrate in which the 
LEDs mounted are located. 

The LED illumination apparatus of one of claims 1 
to 6, further comprising a feeder base for externally 
supplying electrical energy to the lighting drive cir- 
cuit. 



8. The LED illumination apparatus of claim 7, wherein 
the feeder base is a lamp base for a light bulb. 

9. The LED illumination apparatus of claim 8, compris- 
ing a housing, which transmits light emitted from the 
card-type LED illumination source that is connected 
to the connector. 

10. The LED illumination apparatus of one of claims 1 
to 6, comprising: 



a receivi ng portion, on/from which the card- 
type LED illumination source is fixable and re- 25 
movable; and 

stopper means for keeping the card-type LED 
illumination source from dropping from the re- 
ceiving portion, 

30 

wherein the stopper means operates in such 
a manner as to allow a human user to remove the 
card-type LED illumination source from the receiv- 
ing portion with his or her fingers. 

35 

11. The LED illumination apparatus of claim 10, where- 
in the surface of the substrate on which the LEDs 
have been mounted has a rectangular shape, and 

wherein the receiving portion includes a guide 
for getting the card-type LED illumination source 40 
slid and guided thereon, and 

wherei n when fixed on the receiving portion, 
the card-type LED illumination source is supplied 
with electrical powerfrom the connector andhas the 
back surface of the substrate thereof contact ther- 45 
mally with the receiving portion. 



to 7, wherein a thermal resistance between the back 
surface of the substrate of the card-type LED illu- 
mination source, on which none of the LEDs is 
mounted, and the LEDs is 10 °C/W or less. 

14. The LED illumination apparatus of one of claims 1 
to 6, comprising means for dissipating heat from the 
back surface of the substrate on which none of the 
LEDs is mounted. 

15. A card-type LED illumination source comprising: a 
metal base substrate; and multiple LED bare chips 
that have been mounted on one surface of the metal 
base substrate, 

wherein the card-type LED illumination 
source is supported so as to be insertable into, and 
removable from, an illumination apparatus that in- 
cludes a connector and a lighting drive circu it, and 
the back surface of the metal base substrate, on 
which none of the LED bare chips is mounted, ther- 
mally contacts with a portion of the illumination ap- 
paratus, and 

wherein a feeder terminal is provided at one 
end of the surface of the metal base substrate on 
which the LED bare chips have been mounted. 

16. The card-type LED illumination source of claim 15, 
wherein an optical reflector with holes to surround 
the LED bare chips is provided on the surface of the 
metal base substrate on which the LED bare chips 
have been mounted, and 

wherein the LED bare chips are encapsulated. 

17. The card-type LED illumination source of daim 16, 
wherein optical lenses are fitted with the holes of 
the optical reflector. 

18. The card-type LED illumination source of claim 1 6, 
wherein stress relaxing means is provided between 
the metal base substrate and the optical reflector. 

19. The card-type LED illumination source of claim 1 6, 
wherein the center of the metal base substrate is 
shifted from the center a light outgoing region of the 
metal base substrate in which the LED bare chips 
mounted are located. 



20. The card-type LED illumination source of claim 16, 
wherein a thermal resistance between the back sur- 

50 face of the metal base substrate, on which none of 
the LED bare chips is mounted, and the LED bare 
chips is 10°C/Wor less. 

21. The card-type LED illumination source of one of 
« claims 14 to 20, wherein an insulating layer and a 

conductive line pattern are provided on the surface 
of the metal base substrate so that the LED bare 
chips are mounted thereon, and 
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wherein the insulating layer is made of a com- 
posite material including at least an inorganic filler 
and a resin composition. 

22. The card-type LED illumination source of claim 21 , 5 
wherein the insulating layer is white. 



23. The card-type LED illumination source of claim 21 , 
comprising at least two conductive line pattern lay- 
ers that are stacked one upon the other with an in- 
sulating layer interposed between them, wherein 
the illumination source has a structure for intercon- 
necting the at least two conductive line pattern lay- 
ers together at a predetermined position of the in- 
sulating layer. 



light that has been emitted from the LED bare chip. 



24. The card-type LED illumination source of one of 
claims 15 to 20, wherein at least some of the LED 
bare chips are flip-chip bonded to the conductive 
line pattern on the metal base substrate. 

25. The card-type LED illumination source of one of 
claims 1 5 to 20, wherein a phosphor, which receives 
at least some of the light that has been emitted from 
the LED bare chips and which emits visible radia- 
tion, is provided on the metal base substrate. 

26. An apparatus comprising a connector that supplies 
electrical power to the card-type LED illumination 
source as recited in one of claims 15 to 20. 
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27. A card-type LED illumination source comprising 
multiple LED bare chips on a heat-dissipating sub- 
strate, each said LED bare chip including a light 
emitting portion on a chip substrate, 

wherein the LED bare chips are provided on 
the heat-dissipating substrate such that a distance 
between the light emitting portion and the heat-dis- 
sipating substrate is shorter than a distance be- 
tween the chip substrate and the heat-dissipating 
substrate, and 

wherein a light outgoing facet of the chip sub- 
strate of the LED bare chip defines a slope such that 
a peripheral portion thereof is less tall than a center 
portion thereof. 

28. The card-type LED illumination source of claim 27, 
wherein the LED bare chips are directly flip-chip 
bonded to the heat-dissipating substrate. 

29. The card-type LED illumination source of claim 27 
or 28, wherein the heat-dissipating substrate is a 
composite substrate. 

30. The card-type LED illumination source of claim 28, 
wherein an optical reflector is provided on the heat- 
dissipating substrate so as to surround each of the 
LED bare chips and to control the direction of the 
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FIG.2 (a) 




FIG.2(b) 
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FIG. 7(a) 



FIG. 7(b) 
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FIG. 9(a) 




FIG. 9(b) 
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